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Our complete quantitative PCR portfolio features products that include 
sample preparation, cDNA synthesis, QPCR amplification and detection, {* Brilliant” reagents are designed tor earlier Ct 
detection, improved reproducibility, and dynamic range 

and powerful data analysis software to meet today's research needs as 

pe s + Four- or five-color Mx” QPCR systems with powerful 
well as tomorrow's future applications. Couple our Mx" line of high : ” abear opt aces 
performance real-time QPCR systems with our next generation Brilliant® I 

‘= Complete QPCR portfolio of instruments, reagents, 

QPCR reagents and there’s no need to look any further than Stratagene 5 service, and support 


for your QPCR research needs. 


pcr 


For more information about our Brilliant” II QPCR reagents or Mi 
systems, please visit www.stratagene.con/MxQPCR. 


[Meant MiP are ara 2 Stato a Unt Sate 


Suse 1 als Sate ne 
Onualonce eos? hal ee 3216 (@srrarace NE 
‘nibs An Age Tehnlgiee Corny 


(re 0-700 7000 
Teal Serves 0080-70014 


Please note that the Mx3000P* QPCR System and the Mx3005P* QPCR System 
are not offered, sold, and imported in/to Germany. 


DNA Methylation Detection Directly 
From 


The EZ DNA Methylation-Direct™ Kit for Complete Bisulfite Conversion 
of DNA Directly From Blood, Tissue, or Cells 


= Fastest, most streamlined procedure available for complete conversion of DNA 
= Compatible with small sample inputs - as few as 10-20 cells or 50 pg DNA 
'® Proven, trusted conversion chemistry and purification technology 


“Technology is Patent Pending 


Free 50 Prep. Kits Are Available While Supplies Last! 


5020 50 Preps. $161.00 USD $80.50" USD 

5021 200 Preps. $452.00 USD $226.00* USD 

5022 2x96 Shallow-Well Plates $362.00 USD $181.00" USD 

5023 2x96 Deep-Well Plates $362.00 USD $181.00* USD 

Please use coupon code SC650 to receive a 50% discount. 

Free kit offer and 50% discount valid for U.S. customers only. 
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ZYMO RESEARCH 
www.zymoresearch.com +1-714-288-9682 INTL 1-888-882-9682 USA The Beauty of Science is to Make Things Simple 


GE Healthcare OPURE Expertise 


Pure protein is the challenge. 
@ PURE Expertise is the solution. 
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Volume 317, Issue 5837 


COVER DEPARTMENTS 
‘Social scientists and computer scientists Science Online 
‘meet atthe intersection of virtual worlds. This Week in Science 
These virtual worlds, such as Second Life Editors’ Choice 
‘and World of Warcraft, provide new Contact Science 
resources and approaches for research in Random Samples 
political science, sociology, and economics. Newsmakers 
‘See the Review by Bainbridge on page 472. Aus Nets bs Notes 
Photo: George Joch/courtesy of Argonne a ene 
Science Careers 
National Laboratory 
EDITORIAL 
425 — Cimate: Game Over 
by Donald Kennedy 
NEWS OF THE WEEK LETTERS 
‘A European-Inspired Renaissance for China's 436 Retraction R. M. Roberts, M. Sivaguru, H. ¥. Yong 450 
Drug Industry? The Shortage of Science Teachers K. S. Pister 
Even Oil Optimists Expect Energy Demand to 437 Explaining Latitudinal Diversity Gradients C. R. Marshall 
‘Outstrip Supply Response D. Schluter and J. Weir 
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(Quake Underscores Shaky Understanding of 


Ground Forces BOOKS Er AL 
‘Aspens Return to Yellowstone, With Help From 438 
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The Evolutionary Origin of Belief L. Wolpert, 
Dan Koshland, 1920-2007 441 reviewed by S. Atran 
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From Criss to Catastrophe College Science 
Digging Into a Desert Mystery 446 P.M. Sadler and R. H. Tai 
Deciphering Ancient Weather Reports, Drip by Drip 448 
Order From Chaos, Power From Dissipation in 449 PERSPECTIVES 
Planetary Flows Variation and Early Evolution 459 
G. Hunt 7 
Filling a Void 460 
SL Brock a 
The Yin-Yang of Sirtuins 461 
A Diltin and J. W. Kelly 
‘ACounterion Strategy 462 


J. tacour and D. Linder >> 8 6 


Necessary Noise 463 
|. CMettetal and A. van Oudenaarden 


Spying on Others Evolves 464 
M. Milinski and B. Rockenbach 

Pierre-Gilles de Gennes (1932-2007) 466 
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ae Emerging Targets 
‘Case Stules on Emerging Targets for 5 Major Disease Areas: Oncology Metabollc Dieses. 
Diseases nlammatory infectious 


3 Pre-Conference Workshops & 6 Focused Study Sessions 
Visit www.gtebio.com or call 626-256-6405 for more details! 


RODENT DISEASE MODELS 


Cardiovascular 


Metabolic The complete 
| Science archive 
gl 1880-1996 
penie, 7 muy integrals with 
Hepatic cience Online 
’ (1997-today) 


Available to institutional 
customers through a site license. 


‘ ; Contact ScienceClassic@aaas.or 
Charles River has a large collection of rat fora uote: 5 


models for the listed disease states. Contact 
us for additional information and to discuss 
the uniquely predictive characteristics of 
these models. Information: www.sciencemag.org/classic 
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SCIENCE EXPRESS 


wwwsciencexpress.org 


Bilayer "He: A Simple Two-Dimensional Heavy Fermion System 
with Quantum Crticatity 
‘M. Neumann, J. Nyéki, B. Cowan, }. Saunders 
Thermodynamic measurements show that a bilayer of fluid "He, the simplest 
Fermi sytem, surprisingly shows quantum criticality and can be used to study 
this phenomenon, 

10.1126/science.1143607 


The Evolution of Selfing in Arabidopsis thaliana 
Tang etal. 
‘Ananalysis of sex genes shows that at several times throughout is history— 
{nluding about 1 ition years ago—Arabidopss has developed the ability 
tossell-fetive 

10.1126 /science.1143153 


CONTENTS [ 


‘Mesoscopic Phase Coherence in a Quantum Spin Fluid 
G. Xuet al 
"Neutron scattering measurements on a quantum spin fluid reveal the devetopment 
cof mesoscapic quantum phase coherence in a system without classical static 
‘magnetic order 

10.11.26/science.1143831. 


[MicroRNA Inhibition of Translation Initiation in Vitro by Targeting the 

Cap-Binding Complex elF4F 

G. Mathonnet etal. 

{mn vitro, microRNAs can act to repres the intial step of protein translation, 
10,1126/science.1146067 


TECHNICAL COMMENT ABSTRACTS 


CHEMISTRY 
Comment on “Coherent Control of Retinal 453 
Isomerization in Bacteriorhodopsin” 

M. Joffe 


Response to Comment on “Coherent Control of Retinal 
Isomerization in Bacteriorhodopsin” 
Vi4. Prokhorenko et al. 


REVIEWS 


COMPUTER SCIENCE 
Search Technologies for the Internet 468 
M. Henginger 

SOCIOLOGY 

The Scientific Research Potential of Virtual Worlds 472 
W.S. Bainbridge 


BREVIA 


MEDICINE 
‘AAV Vector Integration Sites in Mouse 4 
Hepatocellular Carcinoma 

A. Donsante et al. 

‘Avirus that has shown promise asa vector for human gene therapy 
‘causes liver tumors in neonatal mice 


RESEARCH ARTICLES 


OCEAN SCIENCE 
Free-Drifting Icebergs: Hot Spots of Chemical 478 

‘and Biological Enrichment in the Weddell Sea 

KL Smith Jr etal. 

Trace elements and ion released from fee-drifting Antarctic icebergs 
stimulate local productivity that enhances carbon sequestration in the 
Southern Ocean 


ECONOMICS 
The Product Space Conditions the Development 482 
of Nations 

GA Hidalgo, 8. Klinger, AL, Barabdsi, R. Hausmann 
Network analysis ofthe products mage by rich and poor countries 
‘show that movement toward higher-profit products may be restricted 
{or much ofthe developing world 


REPORTS 


PHYSICS 
‘Single-Atom Single-Photon Quantum Interface 488 
T. Wilk, 5. C. Webster, A. Kuhn, G. Rempe 

‘Asequence of laser pulses targeted on a single atom trapped 

{na cavity can generate a source of entangled photon pairs. 
MATERIALS SCIENCE 

Porous Semiconducting Gels and Aerogels from 490 
CChalcogenide Clusters 

S. Bag etal. 

The reaction of clusters containing ullur or selenium with a 
platinum complex yields highly porous gels that can efficiently 
absorb heavy metals rom water. 


CHEMISTRY 
Stabilization of Labile Carbonyl Addition 493 
Intermediates by a Synthetic Receptor 

T.Iwasawo, RJ. Hooley, J. Rebek Jt 

‘Asynthetic molecular basket stabilizes a short-ved intermediate 
species in an organic reaction for minutes to hows, lloing it 

tobe probed and identited. 
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What if staying up to date with the 
latest technology published in journals 
and patents were as easy 
as pushing a button? 


It is. 


With the “Keep Me Posted” ‘ting feature, SciFinder sends you 
automatic updates on areas you—and your competitors—are interested in. 


You can monitor specific research topics, companies, authors, substances, or sequences, and choose 
how frequently you re ns: daily, monthly, or weekly 

‘The service isn't just convenient, it’s incredibly current. Journal article records often appear in 

in print. New references, substances, and sequences are added daily. 
Patents from all the major offices are added within two days of issuance. 

As with all SciFinder features, Keep Me Posted is integrated with your workflow. At any point in a 
search (including the beginning), simply click on the Keep Me Posted button. SciFinder tracks y 
steps and will generate the appropriate alert—even for complex topics. When you receive a 
notification, you can follow each reference as you would in a search: find citing or cited articles (with 
links to the electronic full text ced substances and reactions for further information. 

Comprehensive, intuitive, seamless—SciFinder doesn’t just alert you, it’s part of the process. To 
find out more, call us at 800-753-4227 (North America) or 614-447-3700 (worldwide) or visit 
wwwwceas.org/SCIFINDER, 


jer before they're ev 


SciFinder’ 


Part of the process’ 


(ees) A division of the American Chemical Society. SciFinder is a registered trademark 
Of the American Chemical Society. “Part of the process” is a trademark of the American Chemical Society. 
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CHEMISTRY 
‘A Powerful Chiral Counterion Strategy for 496 
‘Asymmetric Transition Metal Catalysis 

G.L. Hamilton, E. J. Kang, M. Mba, FD. Toste 

Pairing an achirat cationic gold complex with achiral phosphate 
anion leads to efficient asymmetric catalysis of previously intractable 


‘organic reactions. >> Perspective p. 462 
PALEONTOLOGY 

‘A.Cambrian Peak in Morphological Variation Within 499 
Trilobite Species 

M. Webster 


Intrlobites, the morphology of individual species shows the greatest 
changes o0n after their origin, influencing the course of early 


evolution in the group. >> Perspective p. 459 
OCEAN SCIENCE 
Four Climate Cycles of Recurring Deep and 502 


Surface Water Destabilizations on the Iberian Margin 

B. Martrat etal 

‘Nternating penetration of deep acean waters derived from the two 
polar regions to Low latitudes drove century-to-millenial climate 
‘changes for at least the past 400,000 years. 

PLANT SCIENCE 

Ethylene Modulates Stem Cell Division in the 507 
‘Arabidopsis thaliana Root 

0. Ortega-Martinez, M, Pernas, R. J. Carol. t. Doton 

‘Stem cell proliferation ina niche within developing roots imited 
by the gaseous hormone ethytene, 

BIOCHEMISTRY 

Crystal Structure of Inhibitor-Bound Human 510 
5-Lipoxygenase-Activating Protein 

A.D. Ferguson et al. 

The structure of ahuman membrane protein volved in blosynthes's 
of the inflammation-reated leukotrienes may help guide the 
development of therapeutics. 

BIOCHEMISTRY 

Spring-Loaded Mechanism of DNAUnwinding by 513 
Hepatitis C Virus NS3 Helicase 

5. Myong, M.M. Bruno, A.M. Pyle, T. Ha 

‘Aheticase enzyme unwinds ONA in steps three base pais ong that 
periodically release the tension resulting from translocation ofthe 
hhelicase’s motor domain along the ONA 

MEDICINE 

Sirtuin 2 Inhibitors Rescue i-Synuclein-Mediated 516 
Toxicity in Models of Parkinson’s Disease 

TF Outeiro etal 

An inhibitor ofa microtubule deacetylase protects 
dopamine-containing cells and can rescue Drosophila from the 
toxicity of a protein aggregate associated with Parkinson’ disease. 
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EVOLUTION 
The Near Eastern Origin of Cat Domestication 519 
CA Driscoll eta. 

The domestic cat and several ofits closely relate wild relatives 
‘originated inthe Fertile Crescent over 100,000 years ago, earer 
than had been thought. 

MICROBIOLOGY 

Candidatus Chloracidobacterium thermophilum: 523 
‘An Aerobic Phototrophic Acidobacterium 

D.A Bryant etal. 

‘distinctive, xygen-tolerant photosynthetic bacterium has been 
‘denttied in a metagenomic study ofhot-spring communities in 
Yellowstone National Park. 

MICROBIOLOGY 

Noise in Gene Expression Determines Cell Fatein 526 
Bacillus subtilis 

H.Maamar, A. Raj, D. Dubnaw 

‘Bacteria that show more random fluctuations in gene expression are 
‘especially likely to switch to an alternative phenotype in which they 
«an take up foreign genetic materia 

NEUROSCIENCE 

Rapid Synthesis and Synaptic Insertion of GluR2 530 
for mGluR-L1D in the Ventral Tegmental Area 

‘M, Mameli, 8. Balland, R. Lujan, C. Lischer 

‘Adecrease inthe effectiveness of synapses in a particular brain 
region is caused by replacement of one glutamate receptor subtype 
with a es ficient one. 
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Imagination is more 
important than knowledge, 
for knowledge is limited 
while imagination embraces 
the entire world. 


Albert Einstein 


Scientist (1879-1955) 


Never complacent with the status quo, Shimadzu helps push mankind's knowledge to greater heights. Shimadzu believes in the 

value of science to transform society for the better. For more than a century, we have led the way in the development of 
cutting-edge technology to help measure, analyze, diagnose and solve problems. The solutions we develop find applications in 
areas ranging from life sciences and medicine to flat-panel displays. We have learned much in the past hundred years. Expect a 
lot more. 


www.shimadzu.com @® SHIMADZU 
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SCIENCENOW 
wirsciencenow.org DALY Wet 
‘ABaby Step for Computer Learning 

‘Clever computers can now learn language the way a child does. 
The Power to Influence Showers 

Researchers link human activity to changes in global precipitation 
pattems. 


Throbbing Oil Demystified 
‘surface tension and evaporation conspire to make droplets pulse 
asi alive. 


a 
Brarrestin participates in Wnt signating. 


SCIENCE'S STKE 


www.stke.org SIGN 


PERSPECTIVE: Molecular Scaffolds Regulate Bidirectional 
Crosstalk Between Wat and Classical Seven-Transmembrane 
Domain Receptor Signaling Pathways 

T. Force, K. Woulfe, W. J. Koch, R. Kerkelit 

Downstream components interact to allow crosstalk between 
classical and atypical seven-transmembrane domain receptors. 
GLOSSARY 

Find out what ELMO, CRABP-I, and {NLP mean in the word of cell 
signaling. 
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Grant writing for when the going gets tough, 


SCIENCE CAREERS 


enm.sciencecareers.org CAREER RESOURCES FOR SCIENTIST 


GLOBAL: Special Feature—Grant Writing for Tight Times 
A. Kotok 

‘As grant approval rates decline, Science Careers offers tips 
{ohelp proposal writers in the United States and Europe. 


US: The NIH RO1 Toolkit 

Science Careers Editors 

This new guide provides grant writers with lessons for writing 
2 proposal for NIH’s main research grant program, the RO1. 
EUROPE: Getting to the Top of a Big Pile 

E. Pain 

‘Science Careers talks to European jury members, who recently 
‘reviewed 9000 proposals, about what got some applications 
tothe top. 

GLOBAL: Science Careers Blog 

Science Careers Editors 

Get your daly career development news and highlights. 


Listen to the 27 July Science 
Podcast to hear about trouble 
in the Sacramento-San Joaquin 
River Delta, the research 
potential of ontine virtual 
worlds, tips for grant writers, 
and more. 

wa scencemag orgfaboutpodcast tt 
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T4 DNA Ligase from New England Biolabs 


WHEN YOU NEED LIGASE, TURN TO THE INDUSTRY STANDARD 


Now England Biolabs is dedicated to providing our customers with guaranteed enzyme performance. 


‘Our recombinant T4 DNA Ligase is the most ext 


available at exceptional value, and an even greater value when pu 
blunt, simple or complex reactions, make T4 DNA Ligase from 


throughput technologies. For cohesive, 
NEB your first choice, 


‘= TADNA Ligase® EBL 


Regular Concentration mo2e2s 
For standard cloning reactions 
High Concentration mazoat/m 
For lage or difficult constructs 

© Guick Ligation” it? M200. 


For ligation of cohesive or blunt end DNA 
fragments in 5 minutes at room temperature 
Soe our website for more details 


(01 = Faconticort 
"NEB ligase products are BSA ree 


sively used ligase for cloning experiments. It is 
chased in large quantities for high 
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* Quality —Highty pure exzyre with na lot toot varatos 

© Convenience ~ Choose origiral T4 DNA Ligase 
Quick Ligation Kit to meet the demands ofa var 
reaction conditions 


* Flexibility - Active at room temperature ox 16°C. teacton 
times nx from 5 minutes to overnght 


* Robustness — Active ina variety of reaction buffers 


For more information and our intemationl distribution networ. pease ws WWW.NeD.COM 


New England il, ns a 150 S001 cette’ company 


‘Naw England Biolabs nc. 2:0 Court Root psuich, MA 1538 USA 1-S0DNEB-ABS Tl (978) $27 05¢ Fax(878)81-1350 fore com 
dao (00) 287-1085 infoca neh com + China Tel IO-E27E255 beygGrebctina com + Gemmany Te. 0500245 5777 inte neh com 
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NEW ENGLAND 


Labs... 


Jeader in enzyme technology 


Life Online 


Most people begin surfing the Web by going to a 
search engine, whose function isto index, rank, 
and categorize Web sites. How these search sites 
actually find and then evaluate Web sites is a 
matter of active research and intense corporate 
competition, Henzinger (p. 468) surveys current 
research into overcoming the difficulties posed 
by the kinds of queries that Web surfers put to 
the engines. Some of today’s most impressive 
Virtual worlds are the creativity-oriented envi 
fonment Second Life and the massively multi 
player online role-playing game World of War 
«alt. Such online worlds have opened up the 
possibility of doing scientific research on human 
imeractions—from economics to altruism—at 
an unprecedented level. Bainbridge (p. 472) 
describes the potential and early progress in this 
new research arena, 


Icebergs and Surface 


Ocean Productivity 
How wil the increase in iceberg production from 
the Antarctic ice sheet, prompted by global 
+4 Warming, affect the surrounding pelagic ecosys 
& tem? Smith et al. (p. 478, published online 21 
3 June) studied two drifting tabular icebergs and 
the surrounding waters in the northwest Weddell 
Sea during the austral spring of 2005. Terrige- 
‘nous material, chlorophyll, krill, and seabirds 
J ere more abundant up tas muchas 
4 kilometers away than they were further from 
: the icebergs. The authors, using a survey of 
nearby icebergs, calculate that almost 40% of 
2 the surface water was influenced by melting, 
© drifting ice, assuming that the effects they meas- 
é tured were representative of icebergs in that gen: 
§ eratarea. Thus, free-drifting icebergs may enhance 
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<< The Long Lineage 
of Domestic Cats 


Recent genomic information has solved the puzzle about 
the origin of the domestic cat. Driscoll et al. (p. 519, 
published online 28 June) used genomic and mitochon- 
drial markers to piece together the origin of the domestic 
«at relative to its wild progenitors. The lineage that 
includes the domestic cat as well as several wild relatives 
originated much earlier than previously thought, more 
than 100,000 years ago. Furthermore, it seems that 
domestication occurred in the Near East in the region of 
the Fertile Crescent, and not in Africa. 


production and sequestration of organic catbon | operate in an almost deterministic way. A 

in areas that otherwise are not as productive. sequence of laser pulses targeted on the trapped 
Rb atom can result in the deterministic generation 
of entangled photon pairs. 


Modeling Economic 


Development Aerogels Without 
Traditional economics has assumed that coun- 


tries can alvays find a combination of goods to | the Oxygen 

sell that put to use their human, physical, and | The inorganic porous materials used as molecu: 
institutional capital. The implication of this view | {ar sieves, ion exchangers, and catalysts have 

is that the economic growth of a country is primarily been oxides, but the higher polariz: 
mainly a matter of increasing the amount of ability and “softness” of chalcogenides, such as 
‘each form of capital. However, if each of these sulfides and selenides, could improve the ability 
forms of capital is highly product-specific, the of such materials to interact with heavy metal 
structure of the world of products becomes very ions. Bag et al. (p. 490; see the Perspective by 
important in determining the evolution of a Brock) have prepared a 

country’s productive capabilities. Hidalgo et al. | series of gels from the 

(p. 482) used network theories and intemational | reaction of anionic metal- 

trade data to build a dynamic model of country chalcogenide clusters with 


growth and development, which may help to PRG salts in water, These 
explain in part why some countries continue to | gels were then trans 
bbe poor while others grow economically. formed by supercritical 


drying into mesoporous 
aerogels that have high surface area and that 


Deterministic are semiconductors with compositionally 
A dependent band gaps, These materials can 
Entangled Pairs adsorb large quantities of mercury ions from 


‘Amajor challenge in quantum information pro- | solution as well as nonpolar organic molecules, 
‘cessing and quantum computing is the ability to 
reliably store and transfer information from one . 
node to another. The entanglement of the aubits, | Charging Up Gold Catalysts 
such as those based on photons, is a key feature | Asymmetric catalysis has predominantly relied 
of achieving such a goal, but has so far relied on ‘on transition-metal complexes bearing chiral 


probabilistic generation processes. Wilk etal. | ligands. More recently, chiral anions have been 
(p. 488, published online 21 June) report on the used in metal-free systems to induce asymmetry 
successful implementation of an interface in acid catalysis or phase-transfer pathways. 


between a stationary qubit (an stom) and a flying | Hamilton et al. (p. 496; see the Perspective by 
‘qubit (a photon) in a cavity-quantum electro- 
dynamics setup and demonstrate the potential to Continued on poge 423 
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Lacour and Linder) combine these two approaches by pairing cationic gold(t) phosphine complexes 
with chiral phosphate counterions. A wide range of previously intractable cyclizations of O- and N- 
substituted allenes proceed in high yield and enantioselectvity. In certain cases, they achieve even 
higher selectivities by using synergistic combinations of chiral ligands and chiral counterions. 


Variable Beginnings 

Much work on the fossil record has revealed evolution among related species in a group—examples 
include horses, ammonites, or humans. What does the fossil record show about evolution within a 
species, as this ultimately the building block of evolution? Webster (p. 499; see the Perspective by 
Hunt) explores this question by using the excellent fossil record of trilobites, which emerged in the 
Cambrian, Examination of more than 900 trilobite species shows that their morphological variation 
was greatest soon after they appeared. Later members of the species show more limited variation, This 
patter within species mirrors the larger evolutionary variation shown by tilbites as a whole. 


Ethylene Controls Root Meristem Production 

In plans, undifferentiated meristem tissue provides stem cell to produce roots and shoots. The root 
meristem contains afew ofthese stem cells in a region called the quiescent center. Ortega-Martinez 
et al, (p, 507) studied Arabidopsis plants with a defect ina gene that controls ethylene biosynthesis 
and found that it produced more ofthe gaseous hormone ethylene. The quiescent center cells in these 
mutants went through more cell divisions than normal, resulting in extra stem cels in the root meristem, 
‘Adding exogenous ethylene also increased quiescent cell division, and blocking its synthesis in the 
mutans prevented extra divisions 


eS sex Noise, Gene Expression, 


ses S55 and Competence 
Se the sol bacerism Bails subtilis can become 


“competent”—it can take up genetic material from 
its surroundings. Competence is regulated by the 
protein ComK, which controls the genes responsible 
for DNA uptake. However, cells can only transition to 

: competence in a random fashion during a limited 

period of time at the beginning of the stationary 

phase of growth. Maamar et al. (p, 526, published 
online 14 June; see the Perspective by Mettetal and van Oudenaarden) now find that temporal 
regulation of comK transcription defines the “window of opportunity” during which cells can become 
competent, and intrinsic noise in gene expression controls the rate at which stochastic transitions to 
the competent state occur 


Aerobes Far and Wide 


Aerobic phototrophic bacteria that utilize bacteriochlorophyll fr light harvesting and charge separa 
tion were at frst thought tobe limited to selected, nutrient-rich environments, but similar organisms 
were later found to be ubiquitously distributed in the upper ocean. The subsequent discovery of 
proteorhadopsin-containing bacteria indicated that phototrophy is common among Proteobacteria. 
Bryant et a. (p. 523) now describe another surprise, an aerobic bacterial phototroph within the 
phylum Acidobacteria 


Potential Parkinson’s Intervention 

Several neurodegenerative disorders are associated with protein misfolding and ae intimately associ 

ated with aging. Outeiro et al. (p. 516, published online 21 June 2007; see the Perspective by Dillin 
E and Kelly) identified a compound that can modulate toxicity and aggregation of ce-synuclein, a pro- 

tein associated with Parkinson's disease. The compound exhibited selective inhibitory activity against 

human stuin 2 (SIRT2) deacetylase and possessed efficacy in several Parkinsons disease model sys 
& tems, increasing the size of intracellular c-symuclen aggregates. The results suggest a cytoprotective 
8 role for larger inclusions. 
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EDITORIAL 


Climate: Game Over 


WITH RESPECT TO CLIMATE CHANGE, WE HAVE ABRUPTLY PASSED THE TIPPING POINT IN 
what until recently has been a tense political controversy. Why? Industry leaders, non- 
‘governmental organizations, Al Gore, and public attention have all played a role. Atthe core, 
however, i’s about the relentless progress of science. As data accumulate, denialists 

to the safety of the Mall Street Journal op-ed page or seek social relaxation with old pals 
from the tobacco lobby from whom they first learned to “teach the controversy.” Meanwhile, 
political judgments are in, and the game is over. Indeed, on this page last week, a member of 
Parliament described how the European Union and his British colleagues are moving toward 
seiting hand targets for greenhouse gas reductions, 

Now thatthe scientific consensus is clear, its time to ask what the U.S. Congress is doing to 
keep pace with this new reality. The Senate has a recurring strong cap-and-trade bill, sponsored 
by John McCain (R-AZ) and Joe Lieberman (I-CT). The first time 
around, it got enough votes to constitute a moral victory for those 
supporting mitigation, but the next year it missed passage by a wider 
margin, and no one thinks the votes are there now. Talk of other 
initiatives abounds, but this area is a two-ring circus: First there's 
climate. and then there's energy. 

‘You can’t really separate these two, but of course there's a com- 
tee structure. House Speaker Nancy Pelosi (D-CA) established a 
new entity to work on climate change issues under the chairmanship 
of Ed Markey (D-MA), but as a Select Committee, it lacks real 
‘was a concession to John Dingell (D-MD, 
the congressman from Ford and Chevy, who heads the powerful 
Energy and Commerce Committee and wanted no threat to its 
authority. Dingell later proposed, with Rick Boucher (D-VA),a measure 
that would have stripped away the right of states (such as California and a dozen others) to 
vehicle emissions standards of their own, Speaker Pelosi and Chairman Henry Waxman 
(D-CA) of the House Oversight and Government Reform Committee, ina startling exercise 
of leadership. took Big John to the woodshed and killed that effort. 

There are so many loci for action that it’s hard to keep track of them all. The energy bill com- 
pleted in the Senate includes corporate average fuel economy (CAFE) standards for the first 
time in many years. It will have to confront Dingell’s House committee, so it’s probably time to 
ponder the old Hill mantra that the House usually wins conferences, Pelosi has pushed the 
Energy and Commerce Committee to develop an energy bill with fuel efficiency features and 
research incentives for renewables, and a climate bill with tighter greenhouse gas emissions 
standards. But its not clear that much will happen beyond manginal tweaking of the incentive 
structure for research, What the climate change scientists and the environmental community are 
looking foris a tough, big-target, emissions reduction plan. 

How serious the prospects. are for that is suggested by Dingell’s response tothe notion, He has 
promised to introduce a bill that amounts to a carbon tax. resembling, if you recall, the Clinton 
“BTU tax” that failed so miserably. Dingell knows that this is political theater; the tax will go 
nowhere, and he'll use this to argue that the system just isn’t politically ready for proposals that 
‘cost consumers money. any more than it's ready for fuel consumption limits on their SUVs. 

The bill voted most probable is the one introduced on 10 July by Senators Jeff Bing 
(D-NM) and Arlen Specter (R-PA). It will be a cap-and-trade system setting 2006 emissions 
levels for 2020 and 1990 levels for 2030. Permits will be distributed (not, alas, auctioned) 
initially, and emitters may buy additional ones for $12 per ton, increasing by 5% annually. 
That’ insurance: Ifthe going gets tough in the trading system, you can buy yourself out with a 
modest carbon tax. Some say it doesn't go far enough, but many believe it's a way to get the 
if not this year, then the next. 

(On the main energy and climate front, buckle yourself in and watch the fur fly. Dingell 
versus Waxman and Pelosi? Is political junkie's dream. 


Donald Kennedy 
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Angiogénesis (green) in 
periostin-treated hearts. 


CHEMISTRY 
A Light for the Cure 


Zeolites are mesoporous minerals used as 
ion-exchange beds in water purification and 
softening, and as chemical reaction platforms. 
Pure silica zeolites have been grown as poly 
cystalline films on nonporous supports, but the 
potential utility of these materials depends on 
their hydrophobicity and porosity, which in turn 
depends on the presence of grain boundaries 
Post-deposition treatments have been used to 
‘remove the hydrophilic silanols that form, but 
typically these approaches either 
fail to penetrate the pore structure 
or fail to stand up to the heating 
required to remove the organic 
template used during zeolite 
growth. 

Eslava et al. show that strong 
ultraviolet (UV) irradiation during 
the heating process induces hydrophobicity 
while also improving the pore structure by 
‘creating smaller pores with a narrower distribu: 
tion. They deposited suspensions of the zeolite 
silicalite-1 that had been mixed with 
tetrapropylammonium (TPA) as the organic tem 
plating material. UV irradiation during calcina- 
tion induced methylation by TPA fragments, a5. 
well as condensation of polar sitanol groups. 


EDITED BY GILBERT CHIN AND JAKE YESTON 


studied mice genetically det 


Film cracking and delamination effects common 
in other nanocrystalline systems were also sup: 


pressed, — MSL 
J.Am, Chem, Soc. 229, 10.1021)90723737 
(2007) 
GEOLOGY 
Early Earth Mirrored in Zircon 


The oldest minerals on Earth—a few dating as 
much as 4.4 billion years ag0—are igneous zir 
cons that have been eroded and incorporated into 
comparatively younger 3.8-bllion-year-old sed 
mentary rocks. 
Several studies 
have examined the 
geochemistry of 
these zircons and 
inferred conditions 
on early Earth and 
the composition of 
its early crust. Ini 
tial results based 
‘on the zircon oxygen isotopic compositions and 
trace element chemistry have implied that liquid 
waler was abundant and that some magmas were 
cooland water-rich 

Two related studies provide expanded data 
and additional constraints. Harrison et al. exam- 
ined the titanium content of zitcons, which can be 


Zircons imaged by 
cathodoluminescence. 


Recovering from a Heart Attack 


The extracellular matrix (ECM) is increasingly being recognized as a dynamic net- 
work of molecules that participates actively in the cellular signaling events that 
determine an organ’s state of health. Most forms of heart failure, for example, 
‘are accompanied by alterations in the composition of the ECM, Myocardial 
infarction (MD leads to a dramatic increase in the expression of periostin, a 
90-kD protein secreted by fibroblasts, yet whether periostin promotes 
repair of heart damage or contributes to it has been unclear. The answer 
‘may be both, as indicated by two research groups who have independently 
‘explored periostin function using distinct model systems, In a cell culture 
study, Kiln et al. found that the addition of recombinant periostn to differ- 
entiated rat cardiomyocytes caused them to reenter the cell cycle and divide, 
2a process that required integrins as well as phosphatidylinositol 3-kinase. 
Sustained delivery of recombinant periostin to the heart of rats after experi- 
‘mental Mil reduced the extent of heart damage and improved heart function, 
leading the authors to conclude that the protein enhances heart repair. Oka et al. 
ent in periostin. Intriguingly, the mutant mice showed 
improved cardiac function after Ml over the longterm, a result the authors attribute to the 

protein's roe in regulating cardiac remodeling and hypertrophy. — PAK 
Nat. Med. 23, 10.3038/nm2619 (2007); Circ. Res. 10.1161/CIRCRESAHA 107.149047 (2007). 


related to the crystallization temperature and thus 
the water and silica content of a magma. Through 
a comparative study of zitcons in younger gran 
ites, they argue thatthe overall distribution of 
data in the very old zircons is most consistent with 
derivation from magmas that formed by remelt 
ing of water-rich crust. Trail et al. examined the 
‘oxygen isotope compositions and confirmed that 
several grains have high #040 ratios, implying 
derivation of the host magma from water-altered 
crust or sediments. Together the data imply that 
early Earth had a vigorous rock cycle involving 
water, erosion, and burial and heating of sed: 
ments, like that operating today. — BH 
Geology 35, 635 (2007); Geoche. Geophys 
Geosyst. 8, 10.1029/20066C001449 (2007) 


MOLECULAR BIOLOGY 
Promoting Silence 


RNA interference (RNAI) can modulate gene 
expression at the posttranscriptional stage by 
‘prompting the degradation of mRNA or blocking 
its translation into protein, The mRNA is targeted 
by homologous ~22-nt short interfering (si) 
RNAS. RNAi can also inhibit gene transcription 
itself, promoting the formation of silent hete 
rochromatin in yeast, and evidence indicates that 
SIRNAS act via the degradation of low-abundance 
Continued on page 429 
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nascent transcripts, rather than on the DNA. tn 

human cells, siRNAs directed against promoter 

‘can block gene transcription, Do these 
, 


sequenc 
SIRNAs act on the promoter DNA or, as in 
an RNA species? Han et al, analyze transcripts 


from the human EF a promoter and find a lov 
abundance sense RNA that ini: 
tiates ~230 bp upstream of 
the previously characterized 
promoter and appears to be a 
variant EFla mRNA. Suppres> = 
fon of this variant reduces the . 


ability of promoter-targeted siRNAs 


to induce transcriptional si 
enhance the formation of associated 
matin marks, Relate 


lent cheo 
Its are seen for several 


‘other gene promoters in human cells, leading the 
authors to speculate that these promoter RNAS 
‘might function simitarly in vivo, — GR 
Proc. Not. Acad. Sci. U.S.A. 104, 
10,1073/pnas,0701635104 (2007). 


PHysics 
Cooler Vibration: 


Optical back action can be used to cool microme 


ter-sized objects such as microresonators a 
‘micromirrors to temperatures as low as 1K. The 
motivation for such cooting is to be able to 


access the quantum mechanical oscillations of 


the thermal vibrations and to use the measure 


‘ment of these ultrasmall vibrations as exquisite 


tecting gravity waves as 


s for probing possible quantum-mechani 


cal effects in macroscopic systems. Poggio et a. 
1ow that the cooling can be taken a step further 


by optimized coupling of an optical cooling 
selup with the electromechanical motion of a 
single-crystal silicon cantile 
100 nW of laser light is focused onto the paddle 
of the mi 


1. In their system, 


s-loaded cantilever, the motion of 
which is detected in an arm of an interferome 
This interferometric n fed back to 


induce a piezoelectric mechanical response, 
resulting in cold damping of the cantilew 
motion. The net effect is a lowering of the 


tilever temperature below 5 mK, —1SO 
Phys. Rev. Lett. 99, 017201 (2007). 


siocHeMisTRY 
A Case of Iron Poisoning 


In order to carry out redox reactions on small 
diatomic gases (such as H, and N,, enzyme 
enlist the help of metal atoms, often grouping 
them into clusters and dec 
protein ligands. The [NiFe] hydrogenase offers a 
Case in point; within the Ni-Fe cluster atthe 
active site, the iron atom binds two molecules of 


ing them with non 


cyanide and one of carbon monoxi 


Sry BA 


SCIENCE 


RS'CHOICE 


the hydro. 
b 


nase maturation protein HypF has 
shown to transfer 


a carbamoyl group toa 


‘gsteine residue of HypE, which then dehydrates, 
itinsitu tog a thiocyanate (enzyme-SCN). 
Watanabe et al. have solved the crystal struc: 


tures of the proteins HypC, HypD, and HypE, 


which together append the two cyanide moieties 


to the iron atom—subse 


quently, a COis a 
the Fe(CN),(CO) sub: 


smbly is cemented 


large subunit of 


rogenase before 


cysteine lay sy- he Nialom inserted 
tem ireendadds the! 
fst eW (ight Bue) 
tothe Fe yellow 


sphere). 


propose that upon 


binding of HypE to a 


HypCHyp0 complex, a 


exchanges 0 


These reactions transfer the CN group from the 
gpsteine of HypE onto t 
i 


ntly coordinated by cysteine and histidine 


s contributed by H 


and HypD; repeat 
Hype 
nd CN ligand. HypD con 


these steps with a second charge 


tain 


cally, rather than 


luster, which acts catalyti 


utionaly, in facilitating 
the cysteine redox cascade. — GIC 

Mol. Cell 27, 29 (2007) 
CHEMISTRY 


saddlin 


Thest 
supramolecular assembly can often be set by a 


comparatively small chiral enrichment of the 
molecular building blocks or their coordination 


P 


tners in solution. Toyofuku et ol, have har 
is effect to amplify the chiral enrichment 
le of porphyrin comp 
n that on complexat 


They had 


previously shor n with chiral 


acids, the intercom 


tiomers of an aryl-substituted porphyrin locked 


into one favorable diastereomeric conformation, 
which was conserved when the chiral acids we 
displaced by the achiral coordinating partr 
acetic acid. When they instead formed coordina: 


tion polymers by linking the porphyrins through 
complexation of tethered pyridyl substituents to Pt 
ions, they found that the addition of a chiral acid 


uring assembly had a nonlinear a 


fect on the stereochemical outcome. An acid 


sample of 40% enantiomeric excess was sufficient 


to induce the highe 
the assembly. 


bserved optical purity 


By adding 


phosphine ligand, they coul le 


the 


yer and obtain a fully enriched sample 
idles. —)SY 

Angew. Chem. 

02Fanie 2007016 


the porphyrin-acetic acid 


mt Ed. 46, 
2007) 


VOL 


113-677-7429 jeses77-71Gm 


Gg 


INSTITUTE FOR GENOMIC MEDICINE 


your KO mice 


ALJT* 


Use your mouse to order 


TEXAS 


mi! 


430 


www. sciencemag.org 


Science 


11200 New York Avenue, NW 
‘Washington, DC 20005 
i 202325685, 20229-2562 
Ns: 202-326-6581, 92023714227 


‘Bateman House, 82-88 Mills Road 
Cambridge, UK CB2 119 
14) 1223326500, FAK 4 (0 1223 326502 


Swmseirnon Seenas For change of addres missing sues. new 
orders and renewals, and payment qutstons: 865-430 AMS 2227) 
(or 22326-6417, FAX 208-842-1065, Ming adress AAS, PO. 
{Box 96178, Washington, Dc 20090-6178 or AAS Member Sere, 
1200 New York rene, RW, Washington, O¢ 20005 
lsntunona Ste ucerses please call 202-326-6755 for any 
uestnso information 
Mares: Author Inuities 800-635-7281 

Commercial Inquies 803-359-4578 
‘Passions 202326-7074, AK 202-682-0816 
Meuse bons Booksow: A¥ASTarneandNoble com bookstore 
.aas.org/bn: Car purchase dscount: Subaru VIP Program 
208-326-6417; Credt Card: MBNA 800-847-7378; Car Reta: 
Were 800-454-2200 COPIS43457, Dolla 800-800-4000 #AALLIS 
AAAS Travels: Betcha Espedtions 800-252-4910, Life surance: 
Seabury & Sih 800 424.908): Or Benes MAS Merb Sarvs 
2023266417 or wenaaasmenbees 


ierce_editos@aais.org or general editorial queries) 
scence kter@aaasorg dor ques about eter) 
Sere sorews@anon —— dorrtriag mance even) 


ierce_bookrenigaassony rook review ques) 
Fabled by the Anercan Asocaton fr he Advance of Sec 
(GMS), Se serves ede afr he presen aod 
‘cusion of pet ses ltd to the adancoent of cee, 
Including the preseaation of mirarty or contig pnts Wem 
‘ate ta by pbtshing oy teal on whch canna ee 
Feaohed. Receding a aces published in Scenes 
{tora remand arnt and bok eves oe gpa ed 
‘ielndbalvew othe ation and rota pane ver aged 
bythe MAS" at tens ahhh aso rated. 
‘MAS was ounded 1848 and corpo 3874s sion it 
‘nvnce sence i nonaton Wroughout Be nr fo he bene 
‘al people The pa athe aucaton arto foster cmmunicabon 
‘rong seent36, engineers and the publics emance eratonal 
‘eopetation nse and is appkatons: promote te response 
‘Gnd and eof cence ad clog ter edcaten cee 
‘nd technology fr everyone; enhance the scence and techy 
woriorce and ifotrutue Inseae public understanding and 
Sppecaton of ence al tcholog; td srenthenSuppar To 
‘sence and ecology emery 


TaroRMaTiON VOR AUTHORS 
‘Se pages 120 and 12 ofthe 5 January 2007 ose o acces 
rw cencmag reaturelontntahome shin 


coroner Donald Kennedy 
encom soos Monica. Bradford 


‘R.Brooks Manson, Barbara RJasmy, Colin Merman 
atria L Kelner 


soe renee Pip . Sauron sewoe emo 
‘rasricnasUsaD.Cony:samontoons Gbet ) Cn Paes). Hows, 
Pala Koests Goaan Macs Lane (rea), Bowel A Pure, 
LB ay Gay Bho Sth Wed Von Dae os 
soca eons aS. Yesn, Laura. Zn; outa tear 
‘vc asocuronmetaoe ba S Mara sooesnewtaner her 
[Sat soca umes moe Eta Fano: ono mama 
Tate: sox cor toons Jey E. Cook Chia Home, Hay ah, 
Baar Oday, ener Sil ta Wagner: correnmes Lore 
‘ec Peter Moose tenons coomons arty Ke Bee, 
‘Sls masons asnomasRanatouaye Dap Chs Fab Ja 
‘Ganges eer sa abso Sco We, Joy chron Bri 
Whee, Ata Wye: emma ass Macs MB, Emly Ge, 
Parca Mt Moore pvr Seti eacame asst va Khoa! 
eam sero Maro ade 

(errs seve conmormotn Jean Mar era atm eagns Robert 
‘Gone, thot Mra, Jtiey Mes, Use Robots cmon 
‘cons eabet Clot, Ply Sholom: mews wens Yosnt 
Baracare, Aan Ch, rl Cour, Dard inom, Conde 
olen Jon aber, Rcard A.W, Kc Andre Lander Oe 
Enola, Ging Mie, Baber Pe, Raber F Sere Part NW, 
Erk Stkstad wrens Benjamin Leste, Marsa Cevllo, eon 
Raymond: omen conmsronstns Baty A Ge on Cohen Sa 
‘Diagn, A, Dane Feber, Aan Gbons Robern, MCh Lee, 
‘hares C Man, Een Stas, Gary tbe cor sonons Rachel 
(Gran, Unda 8 Fela, Melvn Gating saamcraanet sro 
‘Scheaine Mac Few Goon: waar Bry, 510 482-0502, 
FAX 510 652-1867, New England: 207-549-7758, San Depp, Cc 
NO 9 5240 2479 Pc Nac 33 1M 


23093902, ak 4910302807 8365) omer commrowots 
‘Medel Blur (Pe, Marin Ener ster and Po, ob 
Baharnon Wenn wats Za 

‘as pan Ofice: oa Corporation fo iol, Fala Tamur, 
13, Mrano-ha, hoa, Oak 3, Osaka, $41-0086 Japan 81 
(0) 66202 6272, AX 98110 66202 271: axa@engullcig ae 
‘sews orme ihr Stone +66 2662 SELB stare @aassong: om 
‘mvc connronsents Dens Noi apan: #81 ©) 3 3391 
‘0630, AK 1 (01359363831: doar eget con Mas Xin China 
+ 86(C) 1063074439 or 6307 3676 FAX +86 OD 10 6307 358 


‘xcune Yom Alan 1 Lesbner 


nembesipgaascea) maoe 
[Sree fend muaute Waylon ute, se cca ASR 
‘Varga: enone srvce sven Pat Bet, secaus Tamara 
‘ian, are Sle ataya Caste Vek ion: aaron 
‘ana ohsoe scat Tameka Dog, ria i Ean aye 


‘esmes Oresnons no Anweemianow omicron Deborah Rt 
Wold awsmess waste Randy Son wits Mast Us 
Donovan: wasmess ana fsa Tsmey, aca aan Michi 
{oboe fond Yeas: mows a emasons sown Erie 
‘ava: assoou Ezabets Sander ametme arr Jon Mees: 
tetetone munecrs Day Water Allon PrUcard: wane 
‘scans anne Weg, Mary Ble Cowley. Catherine Fath, 
‘son Gonder, Laven Lanoweur attmanoat warrine waadin 
‘Wendy Safe ameme eter fr Rees mtartmc mtn 
sorcts mca Undo Ps yn Jason Hamat suas 
‘Sus ptcon Tom Bar ss ane castoute sewer Mehan Dosa, 
is Forsythe, Catherine Helland, Wendy Wis; nteonc Mo: 
‘Sencar ath Harman: aot anata Sy asa 
‘Simca Lisa Sunt seen reoocr recuse Wale Jones: 
‘reeneow casts Nile aon Kobe Ose 


‘Aorarin omtcptwonowes 1 sus Bi Moran 


530-405-7080, FAX 330-405-7081» wes cause cana Tela 
‘Young: 650-966-2266 1am conse cms Cope Bes: 443 
512-0530, FAX 443 5120351 » wemmeorsasu Miche Fld +44 
(0) 1225°326-526, FAX 446 (0) 1223-325°532 aw Mushy 
‘osama: +81 (0) 33235 5961, FAK 981 (0) 33235 5082; smo 
urcasoann Deanda Sms 
Comune aon Sean Sanders: 20253266430 

assnun (adverse @icienccareets. 09; ws nema sss 
‘aac an King 202 326 6826, FAX 202-209-6742: i Sa 
‘Stat momerrcanaa Dry Aeon’ 202°326654; moma 
‘von iar 202 326-6572; some Tina Burks: 202326-6577; 
tris Nicholas Mee: 202°326-6533 ut coomsaarons Ea 
[Bjar, Rohan Camonson, Leonard Marshall Shstey Young: 
wramaona sata ay Holi 46 (0) 1225326525, 
ax +44 1223 526852: ss Cesta Haron, Alex Palt: 
‘sas asoua Love Moore Jason Hannaford +810) 52757 
‘3340, aK 981 (0) $2 757 $361; aowenime rowucnon ores 
ssascn obo Tonphin smox reoucnow scans Robot Buc, 
‘roy Mosca: snow ae aso Chine Hae rumen, 
‘sora Mary Lagnaost 

‘AAKS Baus oF Dace armas rasnon, cue Joh P Holden: 
‘msmenrDavd Barone msoon act fes | Meaty sont 
‘avd € Show: oer cine omc Aun | Lhe: sa oi & 
‘owing yan ngust, Suan Mpa Ace Gas Lind PB. 
‘att, ChyA May, oma, Polar, Kathryn, Sula | 


MVAAAS 


ADVANCING SCIENCE, SERVING SOCIETY 


Ferns aon tan —= 

rer cn pe = 
BSS Melt uy ty Ase rt as ten 
Rea Sea 
ae = Eafe enor 
cS | Se 
Ceereere Eee me, 
eae Sua eion 
fesse oS Sane 
eon ae a 
Sceemya See Bee = 
Sept an oe emo aar 
ee Bese ieee 
Se oy Eras 

pe : 

te = pan 

ie Beas Siena 
ee See eee 
siete Sr Bot 
Ba ESS Er ae 


27 JULY 2007 VOL317 SCIENCE wwaw.sciencemag.org 


The shape of 
Sigma Life Science 


Shaped by innovation, 

Sigma Life Science continues our strong 
tradition — from the original supplier 

of ATP to a leading solution provider for the 
revolutionary technology of RNAi. 


Shape your research with best-in-class 

technologies from Sigma Life Science. 

© World-class RNAi solutions with our MISSION® 
shRNA and siRNA libraries. 


© Genomic DNA amplification for single cell and 
tissue with our GenomePlex® WGA kits 


'® Fast and deep protein depletion with our 
ProteoPrep20® technology 


© Rapid multiplex protein expression profiling from 
our Panorama® Antibody arrays 


'® Thousands of antibodies and small molecules for 
gene, protein and cellular research 


® Cligos, peptides, and antisera produced under the 
highest quality systems 


Our Innovation, Your Research 3 
sigma.comllifescience adanthar Rea aos SIGMA 


Shaping the Future of Life Science 
Life Science 
\MSGO1 roe and Pea rtd Ssh Bol, LF. Grom pits tent of Rion Ge 


INNOVATION @ WORK 


With MISSION’ siRNA - It’s About Design! 


1d leader in Bioinformatics, have partnered 


rove your RNAi results, 


Sigma and Rosetta Inpharmatics, a recogni 
to bring you the best siRNA design to in 


t the rules used to design specific SIRNAS have a direct 
n RNAi experiment. Using an siRNA 


oney, enabling you to focus on 


Current studies suggest th 
effect on how well your siRN. 
designed with a best-in-class algorithm saves time and 
downstream applications, not up-front siRNA desigi 


will perform in a 


The MISSION siRNA Druggable Genome Libraries designed 
with Rosetta algorithm provide: 
for low abundance message 


Efficient knockdow 


Improved target specificity 


Flexible gene family sets, pre-arrayed for a range of applications 


Optimum products from highest qu: 


Freecom to operate for research use 
The MISSION siRNA Performance Guarantee ie sae 
Sigma guarantees that 2 out of 3 siRNA du will sion sas dened sing the 

slag eae : . Rerets sige, Tage mRNA ls 


achieve knockdown efficiencies of greater thar 


wee measured by the QuantiGene™ 
Reagent System rm samples harvested 24 
hour alter wandecton into Hela ces 


For more information on MISSION siRNA Druggable Genome 
Libraries, please visit us on the Web at sigma.com/missionsirna. 


ROSETTA Shaping the Future of Life Science 


From Gene 


to Green 


It took a century to go from Mendet’s SQA 
plant-breeding experiments to the ‘ 
genetic code. The Molecular Genetics 
Explorer can help biology students 
make the same intellectual journey 

by connecting changes in an organism's 
DNA to alterations in 

its appearance. 

The free virtual lab comes 
from Brian White and Ethan 
Bolker of the University of 
Massachusetts, Boston. Students 

begin by setting up plant crosses and 
{gene mutations to decipher the inheritance 
of color in fictional flowers. They then move 
to the protein level, tinkering with amino acid 
sequences to see how changes alter a protein's 
shape and the flower color it produces. 
The final exercises let users determine the 
consequences of manipulating ONA. 


Rocky Flats Reborn 


After a decade of cleanup work by the 
US. Department of Energy at a cost of $7 bit 
lion, 1600 hectares of the Rocky Flats nuclear 
production site outside Denver, Colorado, will 
become a wildlife refuge boasting deer, elk, 
and prairie dogs, the government announced 
‘mn 12 July. The site has been closed since 
1989 alter being used for almost 40 years 

by the government to build plutonium triggers 
{or its nuctear weapons, in the process 
generating 12 tons of waste plutonium. 

The Environmental Protection Agency says 
Rocky Flats is now squeaky-clean, but LeRoy 
Moore of the Rocky Mountain Peace and 
Justice Center, in Boulder, Colorado, says 
people could absorb plutonium that has 
‘migrated into the newly opened areas. 


Rocky Flats before (top) and’after. 


The world’s tallest dinosaur skeleton: 


tours and talks about their research, 


Art and Science: 
Memory Lane 


Bell Laboratories engineer Billy Kldver and 
contemporary art giant Robert Rauschenberg 
launched a decades-tong partnership 
between artistic and scientific types in 
1966 with 9 Evenings: Theater & Engineering, 
a series of performance art pieces in 
New York City. This month, the National 
Academies in Washington, D.C., showed 
the frst of a new series of documentaries 
‘on the novel happenings 

The film relives the first of the 1966 shows. 
Called Open Score, it included a tennis match 
in which radio transceivers in the rackets 
‘aused a gong to sound and lights to go out 
every time a ball was hit, until the court was in 
total darkness. The film also highlights some of 
the technical challenges for the Bell 
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13.27 meters from toe to head: 
Visitors to crane their necks in the entry hall of Berlin's Museum fir Naturkunde, Reopened 
alter a 2-year renovation, the museum's new main exhibit, called Evolution in Action, draws 
from a collection of more than 30 million specimens. Located in the former East Berlin, the 
museum had not seen major renovations since a bomb destroyed one wing at the end of World 
War Il (Science, 2 July 2004, p. 35). The dinosaurs have been remounted with outstretched 
tals, reflecting new calculations about their real-life postures, and each bone can now be 
removed separately for further study. Museum scientists will be more visible, giving regular 
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Allosaurus 


is again causing 


Evolution looks to be a hit in Berlin: Record crowds atthe grand opening last week forced a 
temporary shutdown of the nearby subway station. And Germany's Federal Minister of Education 
and Research, Annette Schavan, announced her support fo a funding boost, raising hopes that the 
museum will no longer have to scrape along on handouts from the chronically broke city 


researchers involved, 
including obtaining 
an infrared camera 
for a ghostly dance in 
the darkness 

Retired Bell 
Laboratories techni 
cian Harold Hodges 
‘alls the work he 
and his colleagues did 
for 9 Evenings “more 
tinkering” than sci 
ence, But the events led to the establishment of 
Experiments in Art and Technology, a worldwide 
«collaboration that continued for decades, at its 
height claiming 4000 artist and engineer 
members. One was former Bell Laboratories 
electrical engineer Per Biorn, who says, 
“For some of us like me, it was like opening 
up a window to a whole new world 
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Great teachers deserve 
more than apples. 


Reward yourself with Science's Education Forum. 
The Science Education Forum is a dynamic source of 
information and new ideas on every aspect of science 
education, as well as the science and policy of education. 
The forum is published in the last issue of every month 
and online, in collaboration with the Howard Hughes, 
Medical Institute. 

Keep up-to-date with the latest developments at: 
www.sciencemag.org/education 


What's your perspective? 
Do you have ideas or research you'd like to share in the 
Science Education Forum? We're now looking for thought- 
ful, concise submissions (around 2,000 words) for 2007. 
To submit your paper, go to: 
www.submitascience.org 


What can Science 
STKE give me? 


The definitive resource 
on cellular regulation 


A 


STKE — Signal Transduction 
Knowledge Environment offers: 


Aweekly electronic journal 
Information management tools 


+ Alab manual to help you organize your research 


+ An interactive database of signaling pathways 


STKE gives you essential tools to power your 
understanding of cell signaling. tis also a vibrant 
virtual community, where researchers from around 
the world come together to exchange information 
and ideas. 


For more information go to www.stke.org 
To sign up today, vist promo.aaas.org/stkeas 


Sitewide access is available for institutions. 
To find out more e-mail stkelicense@aaas.org 


IP NEWSMAKERS 
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DIGGING FOR PRIDE. The Bosnian government last week promised to spend 
$140,000 for archaeological work on a hill north of Sarajevo that amateur 
archaeologist Semir Osmanagic (left) claims is a 12,000-year-old pyramid 
(Science, 22 September 2006, p, 1718). In doing so, Prime Minister Nedzad 
Brankovic overrode the country’s minister of culture, Gavrilo Grahovac, 


who last month said that the government should stop supporting Osmat 
and instead investigate his tax-free foundation. 

The development is“very dispiriting” says Anthony Harding, president of 
the European Association of Archaeologists, which considers Osmanagic’s 
project to be pseudascience, “The great majority of people in Bosnia must 
realize they are being taken fora ride.” 

Brankovic said the funding will support archaeological “restoration” atthe 
site, particularly of the medieval ruins at the top of the hill. Osmanagie says 
the region was dominated by a monument-constructing “supercivil 
during the Ice Age, “Why don’t we recognize something that is visible to the 
naked eye?” Brankovic asked reportersafier visiting the site, "Why should we 
disown something that the entire world is interested in’?” 


TWO CULTURES 
HEADY HUMOR. Dean Burnett hopes you'll 
laugh at his work 


text.” He sneaks science into his performances, 
One joke features a guy who refuses to believe 
in evolution because humans don’t have wings, 


AWARDS 
‘SHARING THE GLORY. A research team in 
‘Australia and another in the United States 


When not doing research on rat memories, 
the Ph.D. student at Cardiff University in 

the United Kingdom bills himself as the 

‘only neuroscientist turned stand-up comic 

in South Wales. His routine at the qualifying 
round of "So You Think You're Funny”—an. 
annual comedy competition at the Edinburgh 
Festival Fringe—won him a spot at next 
month's semifinal. 

A cadaver launched Burnett’s stand-up 
career. Working as an embalmer at a medical 
school, he realized that he and the 76-year-old 
corpse "were wearing exactly the same boxer 
shorts, | couldn't describe this in a serious con- 


‘Another, about oppo: 
nents of genetically 
modified foods, 
makes the point that 
“being biased against 
something because of 
its genes is racism.” 
“He doesn’t baffle 
people with science,” 
says Jeff Baker, an 
organizer of the Welsh 
Comedy Festival, 
where the 24-year-old performed recently. * 
But he gives them a more cerebral viewpoint.” 


Inside Government > 


have won the 2007 Cosmology Prize from 
the Gruber Foundation for discovering that 
the expansion of the universe is accelerating, 
Saul Perlmutter of the University of 
California, Berkeley, and his team—the 
Supernova Cosmology Project—and Brian 
Schmidt of the Australian National University 
in Canberra and his group—the High-2 
Supernova Search Team—arrived at the 
conclusion, working independently, at about 
the same time, Perlmutter and Schmidt will 
split half of the $500,000 prize; the rest wil 
be divvied up among the remaining members 
of the two teams, 


3 

i 

£ KEEPING BUSY. Last week, plant molecular biologist Nina Fedoroff accepted a new job advising U.S. Secretary of 
 _ State Condoleezza Rice and sold her house in central Pennsylvania in preparation for moving to Washington, D.C 
£ But the 65-year-old chaired professor at Pennsylvania State University and lifelong academic researcher seems to be 
3 _ taking these seismic changes in stride, What's really got her stressed out is her application to renew a grant from the 
National Science Foundation—on which her fate as an active scientist rests. 

8 “fit gets funded, then I'm in business,” says Fedoroff, who's taking a 3-year leave from her faculty position to 
3 serve as the State Department's third-ever science and technology adviser. “I think I'l be able to run my lab from 
j Washington. But plant science funding is tight, and if it's rejected, then I'm in trouble.” 
g 
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Starting on 6 August, Fedoroft's job will be to get more outside scientists involved in State Department activities, 
plug more foreign attachés into the world of science, and lend a hand to government-sponsored research efforts with 
an international component. Despite receiving no promises of access to Rice—"she’s very busy at the moment”— 
Fedoroff is optimistic about making a difference. “I think there are lots of scientific bridges that can be built across 
chasms that cannot be crossed because of politics or religion.” she says. 

The new job wasn’t the only big news Fedoroff received last week: she also was chosen for the nation’s highest 
scientific honar, the National Medal of Science. It's the first time in 4 years the list includes women (microbiologist Rita 
Colwell was also honored). “That's wonderful. I'd like to think it's progress,” says Stephanie Pincus, who co-directs a 
project run by the Society for Women’s Health Research to recognize the achievements of women (Science, 22 June, 
p. 1683). But women were once again shut out of the National Medal of Technology, which went to five men. The 
complete lst of awardees can be found at wirmostp.gov. 
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DRUG DEVELOPMENT 


A European-Inspired Renaissance 
For China’s Drug Industry? 


BEIJING—Larlier this month, when the Chi- outsourced some medicinal chemistry 
nese government executed Zheng Xiaoyu, — R&D to China, and Pfizer in October 2005 
former commissioner of its State Food and set up a small R&D center in Shan 

Dru 
corruption atthe watchdo 


ai to 
Administration, it sent a stron; 


nessige provide input into clinical trial design 


rency would and management 


no longer be tolerated. But observers say that In contrast to those modest commit 
China's pharmaceutical industry, replete with ments, GlaxoSmithKline (GSK) earlier this 


firms that churn out copycat drugs—often month announced plans to recruit 50 to 


in violation of patents—and : 
unproven or fake medicine 
remains in desperate need of 
reform. The bottom line, says neu- 
roscientist Lu Bai of the U.S. 
National Institute of Child Health 
and Human Development in 
Bethesda, Maryland, is that C 
hese companies 


st develop 


their own res 


sanch capabilities. 

Chinese pharma now has a 
golden opportunity to come up 10 
speed fast. During the past year, 
three European drug gi 


launched major research and 
development (R&D) fae 
Chinese soil. For local firms, the 
choice is stark: Adopt a Western 
approach to drug discovery 


ties on 


demonstratit ficacy by clinical 

trials and ensuring quality con- UL 
hunks of the AW 
murket, to Wester rival, “Chi 


scientists, and larg 
nese consumers will learn the dif 
ference between domestic and for- 
eign drugs and make th 
ely.” says Lu, Companies 
that now market unproven medi- 
cine with wild claims, he says, 
“will be wiped out 


aceon 


Since the Danish company 
Novo Nordisk opened a rese 
shop in Beijing in 2002, Euro- 
pean drug firms have ventured 
more boldly into Chinese waters 
than have their US. counterparts. Leading the charg 


Two pharmaceutical giants have enlisted 
The U.S.-based titans Merck expatriate Chinese scientists to head their new R&D labs in hanghat: 
and Eli Lilly. forinstance, have _AstraZeneca's Zhang Xiaolin top) and GSK's Zang Jingu 
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100 scientists foran R&D center in Shar 
hai that will have a first-ye atin: 
budget of $40 million, GSK poached 
wu from the Chi- 


op 


immunologist Zang Jin 
nese Academy of Sciences and Shanghai 
Jiao Tong University to lead GSK R&D 
China, which will focus on drugs for neuro- 


degenerative diseases such as Alzheimer’s 
disease, Parkinson’s disease, and multiple 
sclerosis. Over time, GSK’S entire n 
degenerative drug pipeline—"from tar 
validation to 
approval”—will move to China, says Zang, 
who worked at Baylor College of Medicine 
in Houston, Texas, before returning to China 
in 2002. GSK R&D China intends to ramp 
up to 1000 researchers in a decade 
GSK follows on the heels of AstraZeneca’ 


he says. 


Innovation CenterChina, set up in June 2006 to 
develop dru 
that are pres 


ent in China, and the Novartis 
Institute for Biomedi 
which will target infectious causes of cancer 
(Science, 17 November 2006, p. 1064), Unlike 
GSK R&D China’s global aspirations, the 
AstraZeneca and Novartis facili 
primarily on drugs for the domestic market. 

The foreign R&D shops will 
competition for young Chinese stars, “Talents 
supply in 


1 Research in Shanghai 


ss will focus. 


with experience will not be in lar 
the near future,” says Zhang Xiaolin, a bio- 
informatics specialist and cancer researcher 
brought back from AstmaZeneca’s research 
unit in Boston, Massachusetts, last August to 


head the Chinese center. AstraZeneca plans to 
pour $100 million over 3 years into the new 
center, and hire 70 to 80 scientists, primarily 
locally, by 2009. “I do not believe importing a 
large talent pool from the West is a viable 
strategy.” explains Zhai 
often command much higher sa 
homegrown scientists do. “If the salary gap is 
toobig. local morale will be low." which could 


drive employees into the arms of other compa- 
nies, Zhang says. To maintain loyalty, he says, 
AstraZeneca will pay its Chinese staff com- 
petitively and give them opportunities to 
ascend to positions that might otherwise have 
been filled by overseas hires. 

It’s not necessarily a bad thing if young sei- 
entists flock to foreign labs for higher pay, as 
their training may ultimately benefit China's 
industry, says Hu Zhuohan, president of the 
Ryder Institute of Liver Diseasesin Shanghai 
He predicts that many scientists who cut 
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their teeth in foreign R&D shops will return to 
Chinese companies or launch their own ven 
tures to control intellectual property rights 

A central challenge for Chinese pharma is 
4 paucity of new ideas. “China does not have 
its own drugs” according to the definition 
that compound has a known structure and a 
proven efficacy, claims Lu. He and others 
argue that Chinese drug firms have been 


content with copying medicines or market- 


OIL RESOURCES 


ing what would be called “supplements 
the West that are derived from tradi 
medicine but are of unproven efficacy, 

Nevertheless, the stage is set fora trans- 
formation. China has stiffened laws to pr 
tect intellectual property. “The situation ha 
improved dramatically.” says Zh: 
A Chinese company today cannot risk 
spending money developing a product if it 
knows ther pod chance it will be 


stopped from producing it later,” Mark 
Engel, president of Excel PharmaStud 
Inc. in Beijing, told Burrill Greater China 
Life Sciences Quarterly 

Pfizer and Eli Lilly recently won cases in 
Chinese courts favoring their patents. “The 
‘era of copycats will soon be over,” predicts 
Lu, who says that Chinese pharma compa- 
nies will go “belly up” if they fail to develop 
“HAO XIN 


their own therapeutics. 


Even Oil Optimists Expect Energy Demand to Outstrip Supply 


There are at least atriltion barrels of oil left in 
the ground to feed the world’s appetite for 
liquid energy, maybe 2 oF 3 trillion. Forecast- 
ers disagree about when drillers will first fail 
to deliver all the oil the world wants. Some 
say that crisis will come in the next decade, 
some by midcentury. Last week, a federally 
commissioned report warned 
that, although the world is not 
running out of oil, the United 
States must _ambitiously 
develop additional sources 
of liquid energy in the next 
25 years, Oil alone will not 
suffice, And a second recent 
report foresees oil supplies 
tightening by as early as 2010. 

‘A root problem, everyone 


agrees, is the rapidly growing 
demand for enengy. Last week's 
report (wwwwxnpe.org) from the 
federally chartered National 
Petroleum Couneil (NPC) 
starts with the prospect of a 
50% to 60% increase in 
demand for oil by 2030. That's about the per- 
ntage by which world production has 
increased in the past 25 years. But meeting 
increased demand will be harder this time. The 
volume of oil required will be 3: 


human history up to 2005. And the easiest oil 
to extract has by now been prosluced 

The NPC report committee—headed by 
Loe Raymond, retired chair of Exxon Mobil 
compiled forecasts from a dozen energy con- 


sulting firms and international oil companies. 
‘The forecasts span a range from about $0 mil- 


Range of Global Oil Forecasts 


Jion barrels per day in 2030 to about 135 mbid 
gure). All but one fell short of 
the expected $0% demand increase. The ave 

of the dozen fell 10 mbd short of th 
US. Energy Information Administration's 
forecast for 2030, And the lowest oil company 
forecast in the study equaled that from the 


International 
Oil Company 
AVERAGE 


1.5. Energy Information Administration 
REFERENCE CASE 


‘Association for the Study 
of Peak Oil and Gas 


Lower expectations. Oil companies tend to forecast that oil production in 2030 will be 
below the official U.S. forecast but above pessimists’ prediction. 


Association for the Study of Peak Oil and Gas, 
which shows world production peaking by 
2015 and then starting to decline by 2020 in a 
crisis of global proportions, 

Given such relative pessimism within the 
industry. the NPC committee concluded 
that “it isa hard truth that the global supply of 
gas from the conventional 
sources relied upon historically is unlikely to 
meet projected 30-60 percent growth in 
demand over the next 25 years.” There's prob- 
ably enough oil in the ground. the NPC says. 
but there are other, more important con- 
straints: the technical difficulty of extracting 
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\what remains, political instability in countries 
such as Nii Huctance or inability to 
extract oil faster in places such as Mexico and 
bling 


Venezuela, and the challenge of asse 
the required human and financial resources, 

Surprisingly, the 40-page executive sum- 
mary does not mention OPEC (the Organiza 
tion of the Petroleum Exporting 
Countries). Energy analyst 
David Greene of Oak Ridge 
National Laboratory in Ten- 
nessee sees that as“a huge blind 
spot” for the NPC. Although he 
agrees that there’ lots of ol left 
inthe world, the Hion’s share lies 
under OPEC member coun- 
tries. Organizations such as 
“the International Energy 
Agency [IEA], Exxon Mobil, 
and others have predicted that 
by 2010 everybody outside of 
OPEC will find it almost 
impossible to inerease pro- 
duction.” he says, because the 
remaining non-OPEC oil is 
not abundant enough 


The IEA re-emphasized that conundrum 
in its Medium-Term Oil Market Report 
(omrpublic.iea.org/mtomr.htm) released 
9 July. Although a spurt of non-OPEC pro- 


duction will bring some relief over the next 
couple of years, the report says, by 2012 the 
oil market will be “extremely tight 
planned OPEC and non-OPEC production 
fail to stay ahead of rising demand. “It is, 
abundantly clear that if the path of demand 
does not change on its own [by 201 1],” says 
the report, “it may well be driven to change 
by higher prices. “RICHARD A. KERR 
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SEISMOLOGY 


Quake Underscores Shaky 
Understanding of Ground Forces 


TOKYO—An earthquake that roughed up a 
nuclear power plant last week has Japan 
once again debating nuclear safety. The 
ground shook with unanticipated fury, 
prompting some seismologists and citi- 
zens’ groups to claim that many, if not 
‘most, of Japan's 55 operating nuclear power 
plants are disasters waiting to happen 
Structural engineers defend current design 
practices, noting that the main buildings of 
the nuclear plant, 16 kilometers from the 
epicenter, were not damaged. But they 
agree that research is needed to clarify how 
‘buildings respond to earthquake forces 
The maynitude-6,6 Niigata Prefecture 
Chuetsu-Oki Eanthquake struck just offshore 
‘beneath the Sea of Japan about 455 kilometers 
northwest of Tokyo on 16 July. killing 10, 
injuring 1800, and leaving more than 
10,000 homeless, The damage—largely con- 
fined to older wooden structures known to be 
vulnerable to earthquakes—would be unre- 


markable if it did not extend to the 
Kashiwazaki-Kariwa Nuclear Power Plant. 
Safety mechanisms automatically shut 
down the operating reactors. and the reactor 
buildings appear to have been undamaged. 
But plant owner Tokyo Electric Power Co. 
(TEPCO) has detailed a catalog of woe: 
including broken piping, buckled pave- 
ment, a fire that engulfed a transformer, 
and leaks of trace amounts of radiation, 
Most alarming to experts is that the 
impact on the nuclear plant may have been 
ereater than what it was nominally 
-d to withstand. It was once thought 
that the forces imposed on a structure vary 
more of less linearly with an earthquake’s 
magnitud from the epicen- 
idence has accumulated that 
erations can be higher than expected 
use of local geological conditions. 
According to data released by TEPCO, 
designers expected peak ground a 


lera~ 


tions of about 270 galileo (gravity’s a 
eration is 980 galileo); last week, acceler- 
ations at the base of one of the reactor 
buildings hit 680 gal 

“This clearly shows the insufficiency of 
the old guidelines for power plants.” says 
Katsuhiko Ishibashi, a seismologist at 
Kobe University. Guidelines issued last 
September, although an improvement, do 
not go far enough in basing design loads on 
ground accelerations, he says 

Still, the relation between grouni 
erations and the loads imposed on build- 
ings “is not fully understood says Toshimi 
Kabeyasawa, a structural engineer at 
the University of Tokyo's Earthquake 
Research Institute. He notes that during a 
1993 earthquake that struck Japan's 
Hokkaido Island, instruments recorded 
ground accelerations exceeding the force 
of gravity, or at least three times the loads 
that buildings would have been designed to 
withstand under the latest code, But there 
litthe damage to structures. 

The earthquake design load, defined as 
aper of a building's weight applied 
horizontally, has not changed significantly 
since it was set after the 1923 quake that 
destroyed Tokyo, says Shunsuke Otani, a > 


ECOLOGY 


Aspens Return to Yellowstone, With Help From Some Wolves 


To grow a healthy stand of aspen trees. 
need a pack of wolves. Thats the conclusion 
of two researchers who have been studying 
aspens (Populus tremudloides) in Yellowstone 
National Park. The trees, which are long- 
lived clones that endure for centuries and 
possibly millennia, had not regenerated in 
the park for more than a half-century but are 
how returning in some areas. Their recover 
the researchers say, is not simply because the 
wolves are hunting the aspens’ archenemy, 
the elk (Cervus elaphus); it’s also because 
the wolves have reintroduced the fear factor, 
making the elk too nervous to linger in an 
aspen grove and eat, The study adds to other 
research linking the 1995 return of the park's 
key predator, Canis lupus, to-a more biolog- 
ically diverse and healthier ecosystem. It 
also lends strength to the notion that the loss 
of top carnivores leads to degraded environ- 
‘ments overall 

“This is exciting because it lends support 
10 a prediction made a decade ago that the 
aspen in Yellowstone would recommence 
growing” after the gray wolf was brought 
back and began to reduce the elk population, 


says Michael Soule, an emeritus ecologist at 
the University of California, Santa Cruz. But 
that is only part of the story. say ecologist 


Trophic cascade. Reintroducing key predators, 
like the wolf in Yellowstone National Park, can 
reestablish healthy ecosystems. 


William Ripple and forest hydrologist Robert 
Beschta of Oregon State University, Corval- 
lis. Their study, which focuses on the aspens 
in Yellowstone's Lamar Valley, appears in the 
August issue of Biological Conservation 

Beschta recalls being “just aghast” when 
he first saw the Lamar Valley in 1995, “Iused 
a very emphatic, unprintable word” he says. 
“This valley lies in what is supposed to be the 
crown jewel of our national parks, and it 
being eroded away” as the Lamar River 
flooded annually, washing away soils that 
had taken thousands of years to accumulate, 
The reason: There were hardly any bushes or 
treesto keep the soil in place, Back at Oregon 
State, Beschta presented his mystery: Why 
‘were the aspens, cottonwoods, and willows 
in Yellowstone disappearing? Beschta lacked 
the time to begin such a study, so his col- 
Jeague, Ripple. and a grad Erie 
Larsen, took on the job in 1997, 

By examining tree ri 
Larsen found that the park's 
nerating soon after the 
1920s y the same date that & 
the U.S. government eliminated the gray 8 
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nan nominal design 
caught 
e, but reactors were 


i= 
ese 


structural engineer at Chiba University 
Nevertheless, buildings are safer thanks to 
4 better understanding of how structures 
‘can hold up against horizontal forces. “It is 
not right to judge structural performance 
by the acceleration amplitudes of ground 
motion alone,” Otani concludes. 

The fact that buildings at Kashiwazaki- 
Kariwa withstood higher-than-anticipated 
loads indicates they were designed and 


constructed well, says Tomotaka Iwata, a 
geophysicist at Kyoto Universit 
Prevention Research Institute. 
knows just how safe they are,” he says. The 
more immediate issue, Iwata and others 
say, isthe obvious design flaws of the dam- 
aged piping systems and secondary struc- 
tures, which have put Kashiwazaki-Kariwa 
‘out of operation for at least a year. 
DENNIS NORMILE 


‘But no one 


wolf from Yellowstone, “It just boy 
mind to think that wolves could aff 
river system.” says Beschta. “But the trees 
were clearly being overbrowsed by elk. To 
stunt a cottonwood or aspen, all an elk has 
to do is browse the leader,” of the plant’s 
main shoot, Now that wolves were back in 
the park, Beschta and Ripple teamed up to 
watch this natural experiment unfold. 
Would the carnivores’ return change the 
valley's vegetation? 

The wolves—which kill an elk every few 
days—did lower the herbivore’s population, 
as other researchers have documented. And 
asthe elks’ numbers dropped, the willows and 
cottonwoods began to return; the aspens, 
which elk find especially tasty, are king 
longer. “It was only last summer when we 
stumbled on aspens that are over miy head” 
ys Ripple, who is 1.8 meters tall. These 
clones grew in the riparian parts of the Lamar 
Valley: aspen clones the scientists measured 
‘on nearby upland areas remain stunted and 
have yet to regenerate. In some places, some 
trees had recovered, whereas others only a 
few meters away had not. Why the patchy 
recovery, when aspens in both locations have 
suffered equally fiom overbrow 

“We think it’s due to what we call ‘the 
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ecology of fear’ * says Ripple. “There are just 
some places now in the riparian zone that are 
too risky for the elk: a wolf may be lurking 
nearby.” Along the river, the newly thick mix 
of willows, cottonwoods, and aspens may 
block an elk’s escape route or its view, mak 
ing the animal too nervous to linger over 
Jong aspen-based lunch, 

It's unclear why the aspens in the upland 
areas are not faring well. One reason is that 
“they are still getting hammered” by the elk, 
says Beschta 


ins a “disappointment.” says 
From a conservation perspectiv 
aspen are a foundation species. When they 
recover, so do many others, including bree 
ing songbirds.” 

Still, Beschta and Ripple are optimistic 
that the upland aspens will return, noting 
that the degraded Lamar River is also far 
from recovered. “It's likely just a matter of 
time,” says Beschta. “The park was without 
wolves for 70 years,an absence that changed 
its ecosystem. Now, in the presence of 
wolves, the dynamics are changing again— 

in ways we can’t always predict.” Fear may 
{just be the newest factor. 


VIRGINIA MOREL 
Virginia Morell isa writer in Ashland, Oregon. 


Stem Cell Research, China Style 


BEIJING—China is hoping to make up lost 
‘ground fast on stem cell research, Sources say 
Beijing plans to spend roughly $1 billion over 
10 years to establish an international center for 
stem cell research and regenerative medicine. 

Six US.—based Chinese scientists—including 
Xiangzhong Yang of the University of Connect 
‘cut, Storrs, and Ray Wu of Cornell University— 
proposed the center ina letter to the govern 
‘ment last September. Yang argues that China 
‘can soon reach the vanguard in stem cell 
research because the country isnot encumbered 
by religious concerns about cells derived from 
‘embryos. “The challenge now is to find the right. 
people,” adds Wu. An official at China’s Ministry 
‘of Science and Technology dectined to confirm 
approval of the center, which has not been 
made public, but he says detals are being 
worked out and the center would be under the 
ministry. The center would carry out both basic 
and clinical research, withthe ultimate goal of 
developing therapies, Yang envisions. 

“HAO XIN 


U.S.-India Deal Nears 


NEW DELHI—india's time in the nuclear 
doghouse may soon be over. Alter 2 years of 
sometimes tortuous negotiations, India and 
the United States have reached agreement on 
4 landmark nuclear pact. The proposed deal 
‘would allow India to purchase equipment and 
fuel for its civilian nuctear program, ending 
3 decades of isolation after India exploded a 
‘nuclear device in 1974. Talks hit an impasse 
last spring over issues such as India’s demand 
to reprocess spent fuel (Science, 25 May, 

1p. 1112). But after negotiation last week in 
Washington, 0.C., the two sides released a 
joint statement noting that “the issue" has 
been referred to the two governments for 
“final review.” 

Details of the agreement remain closely 
held, but top indian nuclear scientists say that 
India has offered to set up a $100 million 
plant for reprocessing spent fuel provided by 
the United States and make the plant subject 
to inspections by the international Atomic 
Energy Agency (IAEA) to monitor the potential 
diversion of extracted plutonium. The deal 
also avoids an automatic nuclear fuel 
‘embargo if India were to conduct a future 
nuclear test, a previous sticking point, If the 
two governments sign off on the agreement, 
IAEA and the intemational Nuclear Suppliers 
Group will then weigh respective accords on 
protecting nuclear materials and commerce 
with India. 

~PALLAVA BAGLA 
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AIDS RESEARCH 


Promising Prevention Interventions Perform Poorly in Trials 


Adding toa long list oflewdowns for AIDS pre- 
vention research, two promising approaches 
to thwarting HIV infection have both failed in 
their first real-world trials. One intervention 
attempted to lower people's risk of becoming 
infected with HIV by treating their existing 
herpes simplex virus-2 (HSV-2) infections 
Several studies have shown that HS 

entry of HIV. The second approach i 
gated whether using a latex diaph 
‘covers the infection-vulnerable cervix could 
presenta barrier to HIV. Researchers reported 
disappointing results from the trials this week 
at the 4th International AIDS Society Conter- 
ence on HIV Pathogenesis, Treatment and 
Prevention in Sydney, Australia, 22 to 25 July 
\here they stressed that the interventions m 
have failed because trial participants did not 
use them consistently 


Risky business, Tanzanian women who participated inthe HSV-2 treatment study 
worked in establishments suchas this one that put them at high risk of HIV infection 


‘The HSV-2 study followed 651 Tanzanian 
\women for up to 30 months who at the trial's 
start were infected with that virus but not HIV. 
The women worked in places like bars and 
guesthouses that put them at high risk of 
coming infected with HIV. Other epidemi- 
ological studies have shown that HSV-2 
hich causes genital ulcers triples a person's 
risk of becoming infected with HIV. Half the 
participants were assigned to take the HSV-2 
drug acyclovir twice a day, whereas the other 
halfreceived a placebo. 

Clinical epidemiologist Deborah Watson- 
Jones of the London School of Hygiene and 
Tropical Medicine, the study’s lead invest 
tor, reported that they found no difference in 
HIV acquisition between the two groups, “We 


were very disappointed,” Watson-Jones told 
Science in an interview. 

Watson-Jones said many women did not 
take acyclovir as instructed, which ma 
explain the dispinting results. Researchers 
assessed adherence by tallying unused tablets 
retumed at each study visit. Although no one 
knows precisely how many doses can be 
missed without undermining effectiveness, 
only half of the women managed to take the 
drug 90% of the time. 

Biological analyses provide additional 
evidence that adherence issues clouded the 
results: The researchers found only a mo 
decrease in HSV-2 shedding in the v 
and on the cervix in women on acyclovir. 
know of no study that’s been published with 
acyclovir at this dosing that did not have 
4 very substantive effect on HSV-2 itself? 
says Lawrence Corey 
an HSV-2 and HIV 
researcher at the Uni- 
versity of Washing 
ton (UW), Seattle, 
‘who was not involved 
with the study. “We're 
left with [lack of] 
adherence being the 
best explanation of why 
you don’t see much of 
iananii-HIV effect” 

In the women 
who did take 90% or 
more of the tablets, 
the study found a 
trend toward € 
y. but it did not 
reach statistical si 
nificance, “The sug- 
gestion of an effect 
for women who had good adherence is 
encouraging.” says Watson-Jones, but ifstrict 
adherence is so critical. “it begs the question 
‘of how feasible this is. 

Two large. multicountry studies of a 
clovirto prevent HIV transmission now under 
way should have results in the next year, says 
epidemiologist 
demiologist who is heading those trials 
don’t think at this point that the Tanzani 
study disproved the hypothesis that HS! 
an important cofactor in acquisition or trans- 
mission of HIV" says Celum, “We need to 
understand the issues around adherence’ 

The two studies involve 10,000 people in 
Africa, Latin America, India, and the United 
States. One trial will have a similar design to 


ina 


the Tanzania study—although it also involves 
‘men who have sex with men, The other tests 
whether people dually infected with HSV-2 
and HIV can take acyclovir to lower the risk 
of transmitting the AIDS virus to their un- 
infected regular partners. In the first study. 
which is further along, Celum says they 
have seen about 90% adherence, She notes 
that they have much more frequent study 
Visits than in the Tanzania trial, and they 
also distribute weekly pillboxes to help 
people remember to take their medication. 
“There may be tools that really enha 
adherence,” says Celum, 

Adherence issues may also have under- 
mined a trial testing whether a latex 
diaphragm can protect women from HIV 
infection, More than 5000 women partici- 
pated in the trial, held in South Africa and 
Zimbabwe, which had a control group use 
condoms alone whereas the experimental 
group used condoms and the diaphragm, At 
the end of the 2-year study, HIV infection 
rates were about 4% per year in both groups, 
reported epidemiologist Nancy Padian of the 
University of California, San Franciseo. “I's 
terribly disappointing not to be able to add 
this to our armamentarium of prevention 
strategies.” said Padian 

Padian and co-workers, who published 
their results online 13 July in The Laneet, 
‘noted that the diaphragm group reported using 
it only 73% of the time: they also reported 
using condoms much less frequently than the 
control group. Although this might indicate 
that the diaphragm compensated for the lack 
of condom use and did offer some protection 
from HIV, Padian and co-authors stress that it's 
equally plausible that the control group over- 
reported its condom use, “This is an area 
‘where doing more research on adherence is 
every bit as important as testing new biologi- 
cal prevention methods.” says Padian, 

In the Lancet report, Padian and 
co-authors note that of the 25 carefully done 
HIV-prevention trials to date, all but four 
have failed. She suspects that some of these 
apparently failed interventions may ly 
have hada small protective effect, which was 
difficult to detect. And she worries that this 
accumulated failure obscures the 
‘many proven prevention interventions exist. 
“There's still quitea bit we ean do with regard 
to HIV prevention that we know does make a 
difference.” says Padian, “Why aren't we 
scaling those up?” 


nee 


“JON COHEN 
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CONFLICT OF INTEREST 


Stung by Controversy, Biomedical 
Groups Urge Consistent Guidelines 


Ever since a scandal broke 3 years ago over 
drug company consulting by scientists atthe 
National Institutes of Health (NIH), the bio- 
medical community has worried that Con- 
gress might clamp down not just on NIH but 
also on academia. That could be disastrous, 
say life scientists at universities—many of 
\whom interact with industry to belp turn their 
discoveries into products, Several groups last 
week suggested their own solution. 

The Federation of American Societies for 
Experimental Biology (FASEB), the largest 
coalition of biomedical research scientists, 
called for a national guideline on disclosing 
and managing academic-industry financial 
ationships and held a half-day meeting in 
Washington, D.C.,.on 17 July toair the issues, 
Many speakers agreed that conflit-of-interest 
rules are inconsistent, But some cautioned 
against adopting a single policy. 

Biomedical lobbyists favor taking action 
because they are concemed that recent con- 
troversies could undermine confidence in the 
research enterprise. A congressional investi- 
gation of NIH revealed that some intramural 
scientists failed to get NIH'S approval for out- 
side consulting work. And the recent safety- 


based recalls of drugs such as Vioxx, along 
with the failure of some authors of research 
papers to report financial conflicts, have 


i 
ib 
H 
( raised doubts about the objectivity of scien- 
: 
i 
7 
| 


tists with industry ties. Drug discovery has 
gone 
the most reviled industries.” said FASEB 
immediate past president Leo Furcht. 
There's been one change already: The 
House and Senate have each approved a Food 
§ and Drug Administration bill that would 
make it harder for those who give scientific 
advice to the agency to vote on drug 
approvals if they have any significant finan- 
cial conflict, Representative Diana DeGette 
(D-CO) has also drafted legislation that 
\Would require researchers involved in clini- 
{Cal trials to report financial conflicts tothe 
ethics boards that review such trials. Even 
§ these modest steps have made some people 
§ nervous. “Don’t let the pendulum swing too 
8 far cautioned Gail Cassell of Indianapolis, 
i Indiana-based pharmaceutical company Eli 
£ Lilly, who fears too-strict rules would 
& exclude “extremely knowledgeable people” 
£ as reviewers. 
Academic org 


from one of the most revered to one of 


izations are worried that 
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Congress will require extramural 
researchers to follow NIH'S new ethics pol- 
icy, which bans all consulting for industry 
and limits the amount of drug company 
stock that senior staff members may own, 
These rules wouldn't make sense for most 
grantees, NIH Extramural Research chief 
Norka Ruiz Bravo told the meeting. because 
grantees are not federal employees and do 
‘not get all their support from NIH. Still, she 
noted, Congress could decide to impose the 
same rules any way 
FASEB thinks the answer is to bring more 
consistency to existing institutional polic 
2 on guidelines for clinical research 


issued to its members in 2001. A survey has 
since found much variation in responses to 
the guidelines, said Susan Ehringhaus of 
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onflicts is often neg -d. Furcht said 
that FASEB endorses an ongoing effort by 
AAMC and the Association of American 
Universities to clarify and strengthen the 
2001 AAMC report 

Participants at the FASEB meeting were 
generally supportive, “As investigators, we 
would love to have consistency” across insti- 
tutions, says David Bylund of the University 


28% Research support 

20% Technology transfer funds 

14% Research equipment 

14% Support for students and postdocs 
Ties that bind. A recent survey of medical school 


departments found that a significant fraction had 
some relationship with industry. 


of Nebraska, Omaha. But some university 
administrators said it would be difficult, 
partly because public universities have to tai- 
lor their policies to state laws, In the me: 


AAMC. For example, the threshold for time, FASEB has unveiled an online “tool 
reporting conflicts differs from university to kit” to help investigators, institutions, and 
university, and AAMC'S advi others navigate conflicts of interest 
member of the public on a committee review~ ~JOCELYN KAISER 
DAN KOSHLAND, 1920-2007 
Daniel E. Koshland Jr, Science’s editor-in-chief from 1985 to 1995, died on 23 July, 2 days 
after suffering a massive stroke. 

Koshland, who joined the faculty of the University of California, Berkeley, in 1965, put his 
stamp on a broad swath of protein chemistry. His fundamental insight that proteins change shape 
as they interact with other molecules—the “induced fit” theory—changed the way scientists per 
ceived a range of processes, from the catalytic power of enzymes to the action of hormones. He 
published more than 400 papers, an output that continued unabated in recent years. 

He also let his mark on Science. He overhauled the peer-review process, establishing a Board 
‘of Reviewing Editors; oversaw the internationalization of the journal with the launch ofan office 

in Europe and news bureaus around the world; and 
increased the number of top-quality papers in the physi 
cal sciences. “He had an unmatched talent for recogniz: 
ing quality,” says Executive Editor Monica Bradford, 

Don Kennedy, Science's current editor-in-chief, says: 
“As a grateful successor, | find traces of Dan's thoughtful 
influence everywhere at Science. Dan has been my col: 
league in planning the Koshland Museum at the National 
Academy—a jewel that results from a generous gift to 
hhonor his ate wife Bunny. I is difficult to lose a hero and. 
2 friend in the same person.” 

News of Koshland’s death came as this issue of 
Science was ooing to press. A retrospective will be pub: 
lished in a forthcoming issue, and a page of personal 
staff remembrances is posted at www.sciencemag,org/ 
sciestkoshland. 
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Delta Blues, California Style 


The hub of California's freshwater system is plagued by crashing fisheries, 
high demand, invasive species, and pollution—and a major earthquake 
there could devastate the state's drinking water and agriculture 


BYRON, CALIFORNIA—In a makeshift labora- 
tory that was once a refrigerat 
container, Joan Lindberg, a res 


ed shippi 
rch biolog! 


t 
at the University of California (UC), Davis, 
shines a small flashlight into a 


meter 
diameter water tank. Two-centimeter peneil- 
thin fish known as delta smelt dart aw 


from the light, These small fish, native to the 
Sacramento-San Joaquin River Delta that 
flows just beyond these tanks, are bred and 


farmed out to fisheries biologists throughout 
the region who are racing to understand their 


bits, and vulnerabili- 


life cycle, feeding 
ties, [US race that's now in full sprint, as the 
populatio smelt in thei native habi- 
Lat isin free fall 

Historically, millions of the fish swam 
this delta, which sits just east of San 
Francisco Bay and is the largest estuary on 
the West Coast of the United St 


es. But a 


survey of juvenile smelt conducted in June 
found only 37, down from 884 found a year 
earlier. More than 700 smelt were killed this 
spring by a series of massive pumps nearby 
that suck a river's worth of water out of the 
\d send it south to Los An 


eles and 


deli 
San Die; 
one of the smelts" 
and invasive species also topping the list of 


». But the water exports are only 


roblems, with pollution 


concerns. Now, with the delta smelt teeterin 


on the edge of extinction, Lindberg and her 
ues are looking into rampin 
fish-breeding efforts to try 
fish from ‘We're doing what 
we feel is prudent to save the wild fish, 


Lindber 


collea, up their 


prevent the 


ping extinct 


ond set of massive pumps sucks out another 
river's worth 
to farmers in California's Central Valley 


f water and sends it primarily 
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Here, as technicians survey fish caught in a 
mesh bucket designed to pull fish from the 
water before it’s sent to the pumps, they look 
intently forsmelt and other endangered fish, 
Today, no delta smelt an the doz 
fish, and other fry caught 
But one was snagged just days earlier, which 
h to send shudders through this 


of striped bass, 


y. “What comes out of 


farming comm 
that bucket can determine the economic 
fate of California’s cities and farms,” says 
Jeffrey McCracken, a spokesperson for the 


U.S. Bureau of Reclamation (BOR), the 
federal organization that runs the Central 
Valley Project pumps. 


The comment may sound hyperbolic, but 
it's not, Twenty-five million Californians, 


nearly two out of every three, depend on the 


delta for at least some portion of their drink- 
ing water. Central Valley farmers, the heart 
of America’s vegetable, fruit, and nut pro- 
duction, are even more dependent, as the 


delta provides irrigation for about 1 million 
nd. And although wate 


hectares of f 


from the delta has flowed to these users tor 


Sunken landscape. Drained 
fields have subsided wel below 

the waterways, requiring high 
levees to heep the water at bay. 
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decades, that might not always be the ease. In 
May, citing the U.S. Endangered Species Act 
and the hundreds of delta smelt killed at the 
State Water Project pumping facility nearby, 
a California Superior Court judge ordered 
the pumps shut down for 10 days, a rare move 
that fired a shot across the bow of water man- 
agers statewide, “This is a very important 
Wake-up call for California,” says Lester 
Snow, head of California's Department of 
Water Resources. 

But the smelt is only the delta 
immediate concern. Several other fish 
species native to the delta are also in st 
decline, also battered by loss of habitat, pol- 
lution, and competition from hundreds of 
invasive species, Rising sea levels prompted 
by climate change threaten to push salt water 
from San Francisco Bay much farther inland, 
possibly even overwhelming the southern 
delta region where fresh water is drawn for 
people and irrigation, Finally, the de 
home to a labyrinth of 1770 kilometers of 
earthen levees designed to channel the delta’s 
water on its way to the bay. Those levees, 
some 130 years old. sit near six seismic faults 
that crisseross the region, and it's widely 
feared that a major quake could produce cat- 
astrophic levee failures that would wipe out 
\water supplies for tens of millions of people 
(see sidebar, p. 44) 

“The delta is ames.” says Phillip Isenberg, 
who chairs the Delta Vision Blue Ribbon 
Task Force appointed by California Gover- 
nor Arnold Schwarzenegger last year to 
‘come tip with potential solutions for the 
delta, At a congressional field hearing on 

¥ the delta in Vallejo, California, earlier this 
§ month virtually all the participants agreed 
§ with Isenberg that the Bay Delta is in crisis 
eet etter 
§ unsustainable. Now, Isenberg say's, Califor- 
3 nians must make some hard choices con- 

‘ning competing interests for the water, 
municipalities, farms, and the environment 
being among them, “If we do not make these 
difficult choices, then extinction—whether 
of a species or a way of life—may be the 
water policy of California,” said Isenberg in 
Written testimony. 


Changing tides and rivers 
Isa problem that’s been brewing for a long 
time. The Sacramento-San Joaquin River 
Delta is the hub of California's y 

tem, It'san expansive inland river delta com- 
prising 300,000 hectares of land interlaced 
with hundreds of kilometers of waterways. 
Historically, those waterways shifted course 
seasonal er draining from the north- 
em Sierra flowed down into neighboring 


Changed delta, Landsat image shows the delta’s patchwork of 
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San Joaquin River 


son ne 
Co) 


sunken islands surrounded by hundreds of kilometers of waterways. 


San Francisco Bay. That began to change 
shortly after setters flocked to the region in 
the gold rush of the 1840s and 1850s. In 
1869, farmers began draining and diking 
land within the delta, ultimately creating a 
patchwork of some 65 “islands 
unlike natural iskands that rise above the sur- 
rounding water, the delta’s islands are actu- 
ally vast bowls ringed by levees to keep the 
water at bay. Over time. this challenge of 
holding back the tidal waters has steadily 
increased, as exposure of the former mud 
to the air has oxidized and compacted 
the peat-rich soils, causing central farm 
lands within the delta to subside a full 6 to 
8 meters below sea level. Delta farmers have 
responded by building their levees higher. 
fully engineering some of the breakwaters 
but simply creating giant mounds of dirt 
With most of the others, 

The levees were only the first of major 
‘changes to the delta. With the levees in place, 
farmers within the delta itself began siphor 
ing offroughly I million acre-feet (1.2 billion 
cubic meters) of water per year, enough to 
provide the yearly water supply for roughly 


* Howeve 


Barely hanging on. The delta smelt, once prolific, is 
now endangered. 


2 million PACIFIC OCEAN 
California as ana 
families, MUStiGe ars 
As Calis a Sie 
fornia’s et 


population 
boomed in the early 20th century, other users 
eyed the delta’s abundant water. Beginning in 
1951, a series of five massive pumps at the 
C.W. Jones Pumping Plant began taking out 
water for Central Valley farmers and nearby 
communities. Early on, the Central Valley 
Project typically pulled out around 2 million 
acre-feet of water pet year. But over time, that 
number has risen to around 3.3 million ac 
feet (4 billion cubic meters) of water per year. 
Meanwhile, withdrawals by the State Water 
Project, which sends water to southern Cali- 
fornia, have risen from about 1 million 
feet (1.2 billion cubic meters) per yearin 1968 
10 4.2 million acre-feet (5.2 billion cubic 
meters) per year today. In a dry year, those 
diversions can amount to about one-third of 
all the water that would normally flow 
through the delta into San Francisco Bay. The 
draw from the pumps is often so great that 
some river channels through the delta actually 
flow backward, upstream towand the pumps at 
«a pace too brisk for the smelt and other weak 
swimmers to escape. 

Not everything in the delta is on its way 
‘out. More than 200 invasive species now 
make the delta the most invaded estuary in 
the world. The invaders. including every- 
thing from striped bass to a fast-growing 
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aquatic weed known as Egeria, have 
markedly changed the delta’s habitat. Urban 
development is also on the rise and is, 
‘expected to add another 130,000 homes in the 
region over the next decade and more than 
dlouible the region’s population to 7.7 million 
by 2050. And pollution from urban runoff, 
sewage, and agricultural chemicals has also 
been growing steadily 

‘That combination has challenged fish pop- 
ulations for decades, Of the delta’s 29 native 
fish species, 12 either have been eliminated 
irely or are currently threatened with 
inction. Today, the delta smelt’s plight is 
forcing the issue, in part because it is seen as 
an indicator species for the health of the delta, 
in general, much as the northern spotted owl's 
numbers served as a proxy for the health of 
‘old-growth forests in the 1980s and 1990s. 


But an initial round of crises took shape in 
the early 1990s, when Chinook salmon and 
other fish species were found to be in sharp 
decline. Litigation by environmental groups 
and requirements under the Endangered 
ered shutdowns of the water 
pumps, water supply cutbacks, and 
‘widespread complaints that the federal and 
state agencies were often working at 1 
purposes with one another. 

In hopes of finding a way out, federal and 
¢ leaders forged a collaborative research 
\d decision-making process known as 
CALFED to try to create a common vision 
forimproving the delta. The effort was widely 
heralded for bringing more than 100 local, 
state, and federal government agencies that 
have jurisdiction over some aspect of the 
delta and its wildlife together with stake- 


holder groups such as farmers, industry rep- 
resentatives, and environmentalists. But 
because those stakeholders were unable to 
agree on major changes to the delta, 
CALFED leaders focused their efforts on 
ing a robust science program for study 
ing the delta, initiating numerous habitat 
restoration projects, and developing a market- 
‘based system to pay farmers upstream from 
the delta to forgo water diversions in order to 
keep the water in stream for fish 

Although CALFED’ science program in 
particular has largely been viewed as suc 
cessful in creating a vast knowledge base on 
which to base ecological decisions, recently 
the collaborative process has begun breaking 
down, Ultimately, the delta’s problems stem 
from the fact that there isn't enough water to 
satisfy all the competing users, Isenberg 


FROM CRISIS TO CATASTROPHE 


If and when the earth begins to shake along one of six major seismic 
faults in and around the Sacramento-San Joaquin River Delta, the fate of 
the small, threatened delta smelt will no longer be the region’s biggest 
problem. The delta is laced with more than 1700 kilometers of earthen 
levees, many of which would tikely breach in a major flood or quake. The 
results could make the devastation wreaked by Hurricane Katrina look 
tame by comparison. The system of delta levees, says Jeffrey Mount, a 
geologist atthe University of California, Davis, “is in much worse shape 
than anybody thought.” 

1m 2005, Mount and his Davis colleague Robert Twiss reported that over 
the next 50 years there is roughly a two in three chance that a combination 
of seismic activity and increased 
flooding rom climate change would 
produce a catastrophic failure of 
multiple levees in the delta. Those 
levees surround farmland where the 
earth has subsided up to 8 meters in 
‘many cases. If the levees collapsed 
due to a quake during a period of 
low freshwater flows through the 
delta, water to fill the 2.5 billion 
cubic meters of space in the island 
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basins would be pulled in from 
San Francisco Bay and Suisun 
‘Marsh at the mouth of the delta, 
drastically altering the fresh 
water habitats and likely forcing 
the shutdown of massive pumps that carry delta water to Central Valley 
farmers and millions of resident in southern California. According to.a new 
analysis by the California Department of Water Resources, repais could top 
'530 billion and take from 1.4 to 6.4 years depending on the extent of the 
damage. Indirect costs to communities that would lose access to water from 
the delta could exceed $50 billion. 
Last year, California voters passed a bond measure making roughly 
51 billion available for delta levee repairs and improvements, Mount cals 
this “a nice start” that should help 
bring some ofthe older levees up to 
the most basic federal guidelines 
but adds, “they are sitting on poor 
foundations and will be unstable in 
an earthquake,” The truth is, Mount 
says, the economic fate of millions 
of Californians currently depends 
on a maze of dirt piles that could 
easily give way with a little shove 
from nature. RES. 


Shaky defenses. A break in a levee 
hear Holt in June 2004 sent water 
pouring into fields and workers 
scrambling to shore up nearby levees 
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says. And CALFED lacked the political clout 
to choose winners and losers. “I think it has 
done all it can do that isn’t controversial.” 
says Lois Wolk, a Demoeratie California 
State Assembly member from the delta 
region west of Sacramento who has closely 
followed delta issues. 


Areturn to the courts 
About the only thing that isn't controversial 
these days is the fact that delta smelt’s num- 
bers have plummeted, along with those of the 
area's other pelagic fish, which spend at least 
part of their life eycle in the ocean or in 
brackish estuaries. But just what is causing 
the crash isn’t as obvious. According to the 
report released in March by a collection of 
state and federal water agencies known asthe 
Interagency Ecological Program (IEP), the 
culprits likely include impacts from potlu- 
tion, invasive species, and water exports. 
Among the specific concerns, the IEP 
reported that agricultural pesticides known 
as pyrethroids have been shown to be acutely 
toxic to aquatic life, and their use has more 
than doubled to over 115,000 kilograms per 
‘year in the delta, in part to combat noxious 
aquatic weeds, OF the exoties, one of the 
most worrisome has been the Asian clam, a 
filter feeder that consumes phytoplankton, 
Those phytoplankton are the primary food 
source for zooplankton, which in turn are a 
primary food source for the delta smelt. 
With the delta smelt’s numbers in steep 
decline, and CALFED’ inability to force 
major changes, environmental groups have 
returned to the courts. “Litigation has ousted 
collaboration as the dominant means of 
solving \ sty David Nawi, an 
attorney with Environmental Mediation in 
fornia. Last year, a trio of 
mental groups challenged the 
service's (USFWS's) 
2004 biological opinion, which outlines the 
f agency's strategy for protecting the species 
Among other things, they angued that the 
agency failed to cite the best available sei- 
‘ence by not using the latest surveys of smelt 
8 abundance and not taking climate chang 
to account, On 25 May, a federal judge 
H eae ‘out the old biological opinion 
which is expected next 
i ‘year, Just bus meshes the judge will order 
in the meantime is scheduled to be decided 
next month, and court cases on other threat- 
2 
8 
5 
8 


ened species and challenges to delta-area 
development also remain in the works. 
According to atiorney William Stelle, vet- 
‘eran of several endangered species battles who 
is now working on Bay Delta conservation. the 
recent court decisions.are likely to be the begin- 
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Increased demands. Exports of 
water outside the delta from two 
pumping stations (yellow and 
purple) have soared. Low flows 
into the delta in August 1992 led to 
saltwater encroachment (ight). 


igh 
Salinity 


ning of a very eventful year that 
could decide the fate of the delta 
for decades to come. In November, 
Isenberg’s Delta Vision task force 
is scheduled to deliver its recom- 
mendations for the region. Another 
set of stakcholders, meanwhile. is 
working to create the Bay Delta 
Conservation Plan to address water- 
quality and habit 
needs for the ecosystem, 
another group of academic and 
nonprofit poli 
chimed in earlier this year with a report that 
‘outlined five viable ways forward for the dela, 
including managing the estuary for environ- 
mental rehabilitation and “armoring” the lev- 
ees around selected islands to ensure that the 
fresh water continues to flow through the delta 
inthe event other levees give way. 

The list of recommendations will con- 
tinue next year, when USFWS and BOR are 
expected to release their revised manage- 
ment plans for the delta smelt, which are likely 
to govern operations for the next 
And finally, state officials announced this 
‘month that they intend toask voters for a new 
$5.9 billion bond measure to build two new 
dams and begin detailed studies of a canal 
that would remove irrigation and municipal 
\water from higher up the delta and channel it 
directly to the south delta pumps to avoid 


ing fish. California voters overwheln 
ingly rejected a similar proposal in 198: 
But Schwarzenegger recently voiced his 
support for the plan. 

What's not clear yet is how these court 
decisions, ballot measures, and regional plans, 
are likely to mesh, and whether they’ come in 
time to save the delta smelt. “The delta smelt 
will be very lucky if it makes it,” says Peter 
Moyle. a fisheries biologist at UC Davis. 

Perhaps, then, it's litte surprise that inter= 
est in UC Davis’ 
taking 0 
ist wants to do." Lindberg says. 
preferable to restore the natural healthy 
‘ecosystem. But if the population is nearing 
«extinction, then peopleare willing to consider 
the possibility of going down that road.” 

ROBERT F. SERVICE 
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ARCHAEOLOGY 


Digging Into a Desert Mystery 


A systematic campaign of aerial photography and archaeological digs 


has shed light on the enigmatic Nasca lin 
centuries ago on the desert floors of Peru 


For almost a century, scientists have stru 
gled to exp! f the best known and 
least understood ceremo 
orld, From $00 B.C.E, until approximately 
650 C.E., the Nasea and Palpa valleys 
400 kilometers south of Lima, Peru, were 
home to a sophisticated culture that created 


in on 


I sites in the 


massive designs by rearranging stones on the 
floor of the Atacama Desert, Ranging from 
spectacular animal and humanoid figures to 
trapezoids 2 kilometers a 


ross, the hundreds 


of so-called yeoglyphs are easily viewed 


from the air, Some even suggested early on 
that the locals must have invented hot- 
ballooning in order to create th 


designs, And theories about their purpose 


have ranged from the somewhat scientific 


(astro 


mical charts, water maps) to the 
mystical (runways for alien spaceships) 
Now, a decade-long effort by an inter 
tional team of researchers is providing some 
yphs have 
re nearly 


answers. For archaeologists, the 
So lange the 
graphic features, the designs don’t lend them 
selves to traditional archaeological methods. 


been forbiddin co 


“Archaeologists are tised to going somewhere. 
digging, and solving specific historical prob- 
Jem,” says Markus Reindel of the German 
Archaeological Institute (DAI), the project's 


co-director. 


But the geoglyphs are huge 
objects. They're fascinating, but too much.” 
To get a grip on them, the team employed a 
battery of high-tech equipment including laser 
scanners, carbon-dating technology, and even 
a 2-metertong robotic helicopter. 

Ata meeting last month in Bonn, Germany 
Reindel, DAI colle: 
from Peru, Germany, Switzerland, Austria 


gues, and researchers, 


and elsewhere presented the results of their 
investigations, The geoglyphs. they reported, 
unquestionably served a ceremonial function: 
they were not simply massive pictures on the 
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es, massive designs created 


desert floor, The team members also revealed 
unprecedented insights into the culture that ene- 
ated the famous Nasca lines—and the 
foritseventual decline 

rate project. They're takin 


It'san absolutely first- 


ig asmant approach to 
the lines,” says University of California, Santa 


Barbara, anthropologist Katharina Schreiber. 
1 the first time a section of the Nasca pampa 
has been subjected to that intensity of study.” 


Beyond the Chariots of the Gods 
Although the Atacama region is extremely 
dry. with less than 0.5 millimeter of rainfall 
ly, between 1800 BCE, and 600 C.E 
in the 


on’s people turned the 
artistic attention to the stony ground, which 

pet of dark vole 
ter sand. Movin 
aside created high-contrast 
have been a simph 

And the large designs wouldn’t have 
required balloons or extraterrestrial assistance. 
Scientists over the years have come to the con- 
clusion that combination of tall posts, uprigh 
lar inter 
and stakes were probably used to 
lines across the desert, The DAI 
team subscribes to this theory.“ 
Jyph is easier than it seems.” says DAL archae- 
ologist Karsten Lambers. 

The Nasca lines first attracted scrutiny 
from archaeologists in the late 1920s. About a 
decade later, American Paul Kesok be 
aloging the lines while studyi 
After his death, his Germa 
. Maria Reiche, emerged asa charis- 
matic advocate of the theory that the lines 
were ancient observatories that helped track 


jc rocks 
the top I 


has ac: 


alayer 
wer of rocks 


signs. It would 


if labor-intensive, project. 


stones driven into the ground at 


vals, str 
plot rou; 


fakinga geo- 


systems, 


assista 


the sun and stars 
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Spirituat walk. 
As this modern 


reenactmen 
spiral geoalyph 


suggests, the 
culture used the 
des 

religious cere 


The lines’ f 


ne brings with it unusual 
pressures. Call it the “Erich von Dainiken 
effect.” forthe Swiss author of the 1968 book 
Chariots of the Gods? who made the lines 
centerpiece of his theory that aliens influ- 
enced ancient cultures. Von Diiniken’s book 
made the Peruvian coast a focus of New Age 


“No archaeologist 
ken, They'd just 


theorists everywhere. 
ied to follow von D 
their fingers burned,” says Lambers, 
‘When you work on the lines, everybody's 


watching you, everybody hastheir opinions.” 
officials and academics have 
eh in 
the 
area of the Nasca lines is under extra 


Peruvia 
responded by cracking down on rese 
the area. “Anyone looking in oF ni 


scrutiny. They're very self-conscious about 
it,” says University of Massachusetts 
Amherst, archaeologist Donald Prouly. 
Archaeologists applying for permits to 
work in the country must go through a 
J expensive review of th 
1d publications. 
Beginning in 1997, with funding from the 
Swiss-Liechtenstein Foundation for Archaeo- 
logical Research Abroad, a team of archaeolo- 
ts led by Reindel (then at the University of 
Bonn) and Johny Ista of the Andean Institute 
of Archaeological Research in Lima, Peru. 
overcame the red tape to begin a multipronged 
attempt to unravel the Nasca’s secrets. “It was 
perfect for Germans; we really like to docu- 
ment things before we analyze. Data collec- 
tion plays.a big role for us,” says Reindel 
Working in the Palpa Valley, which is not 
as well-documented as the Nasca Valley just 


tothe south, the researchers set out to createa 
detailed survey of everything from settlement 
sites to geoglyphs. In addition to traditional 

ound surveys and test exeavations, they 
used a small plane to take high-resolution 
black-and-white photographs of the designs 
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that cover the valley floor—photos good 
‘enough to make out individual stones pushed 
aside to make the geoglyphs. 

The project's potential as a test bed for 
technology attracted the attention of the 
German Federal Ministry of Education and 
Research, which began funding the effort 
in 2002. Soon archaeologists, engineers. 
‘computer-imaging experts, and physicists 
from Germany, Peru, Austria, and Switzerland 
were visiting the Palpa Valley to test new 
methods on the desert plain. Experiments 
included attempts to date the stones based on 
their underside’s last exposure to light and 
creating detailed aerial maps of specific sites, 
uusingthe robotic helicopter. All the equipment 
\was a challenge to get through Peruvian cus- 
toms, but the helicopter almost didn’t make it 
at all—Lambers had to get permission from 
the country’s suspicious aviation authority to 
bring the drone into Peru. 

Working with Armin Gruen and his group 
‘of photogrammettists from the Swiss Federal 
Institute of Technology (ETH) in Zurich, 
Reindel and Lambers turned the black-and- 
‘white photos into a three-dimensional digital 
model of the valley's topography. Lambers 
and ETH photogrammetrist Martin Sauerbier 
then used geographic information systems 
(GIS) to add layers of other information on 
elevation and topography to the digital model 
of the geoglyphs. “With the GIS model, we 
can calculate visibility index for every point in 
the terrain,” Lambers says, 

Far from the glyphs being invisible or 
incomprehensible to people on the ground, the 
model suggests that activity on the lines 
people walking or conducting ceremonies, for 
instance—would have been visible far and 
wide, Spectators standing on neighboring 
alyphs or at nearby sites would have been able 
to observe or perhaps participate in valley- 
wide ceremonies. 

Combining the digital efforts with tradi- 
tion yeological methods revealed even 
more, Excavations uncovered platforms and 
small buildings situated at the ends of large 
linear geoglyphs. Holes up to 60 centimeters 
deep situated near the platforms suggest masts 
‘or poles several meters tall that served as ori- 
‘entation points in the desert; other, shallower 
holes might have supported canopylike roof’. 
Broken pottery and ample evidence of offer- 
ings and sacrifices—including guinea pigs, 
corn, crayfish, and Spondylus princeps 
seashells from thousands of kilometers 
away—indicate that the sites had a religious 
function. “It’s very clear: the geoglyphs were 
ritual terrain for water and fertility 
monies.” says Reindel. “They were locations, 
not pictures. 


Aroyal surprise 
The scientific team also devoted signifi- 
cant attention to the people who created 
the geoglyphs. Researchers had long 
assumed that Nasea culture lacked a st 
hierarchy. be 
found were fairly modest. Beginning in 
1998, however, Reindel and Isla uncovered 
a royal necropolis while excavating a sit 
called La Mui. Although long since 
looted, the elaborate grave chambers we 
as much as 6 meters deep and once filled 
with pottery and other grave goods. The 
necropolis was strong evidence that the 
Nasca had a much more organized class 
system than previously thought. 


Lined up. in addition ¢@massive geometric 
‘abovel, Naiea geoglyph ote 
sand nyo ney. 


The comprehensive look at the Palpa 
Valley sites—more than 630 settlements 
were documented—revealed clues to 
another mystery: What happened to the 
complex culture that created the lines? 
Research by Bernard Eitel, a geographer at 
the University of Heidelberg in Germany. 
suggests it may have been doomed from the 
start, About 500 B.C.E,, the region’s climate 
began to grow steadily drier. Whereas pr 
Nasea peoples lived in the valley basins, 
grazing their animals on grass and taking 
\Water from rivers that flowed down from the 
highlands, the dawn of the Nasca period 
around 200 C.E. marked a shift inland. As 
rivers dried up. the grasslands disappeared, 
and the desert crept east, people moved 
toward the mountains, following scarce 
freshwater supplies. “They moved [farther 
inland] little by little, because year by year 
water was difficult to find” Isla says. 
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In the end, the region’s persistent 
droughts proved to be too much. Carbon 
dating shows that older settlements were 
regularly abandoned for new ones in the 
highlands. By 650 C.E., the culture had 
essentially dried up. 

The German researchers plan to begin 
publishing their data next year, and they 
hope to conduct further studies on sites in 
the highlands to see what interactions the 
Nasca might have had with cultures on the 
other side of the Andes. Other archaeolo- 
gists are already praising the project as a 
resource, The extensive documentation 
also “preserves the geoglyphs for future 
generations of scholars,” says Kevin 


Vaughn of Purdue University in West 
Lafayette, Indiana, 

Preservation is badly needed. As the 
region’s population grows, the centuries-old 
alyphs are under threat. In 1994, the United 
Nations Educational, Scientific and Cultural 
‘Organization chose the lines as a World Her- 
itage site deserving protection. Modern 
copies of the ancient glyphs also contaminate 
the region more and more: Stones that Were so 
‘easy for the ancients to rearrange are no less 
tempting for the area's current residents. “Peo- 
ple go up to the hills and draw their names, or 
the name of their girlfriend,” Lambers sa 
Local businesses and even political parties 
have begun using the slopes as free billboards. 
Not quite as mysteriousas the Nasca lines, but 
perhaps less likely to be mistaken for alien 
runways in the future 


ANDREW CURRY 
‘Andrew Curry ia freelance writer in Bertin, 


wwwsciencemag.org SCIENCE VOL317 27 JULY 2007 


447 


| NEWSFOCUS 


448 


GEOLOGY 


Deciphering Ancient Weather 
Reports, Drip by Drip 


Stalagmites and stalactites are an increasingly valuable trove of high-resolution 


information on prehistoric climates 


When Dominik Fleitmann dissected a few 
nites from Oman and Yemen, he was 
in for a surprise. The University of Bern 
paleoclimatol amining the 
cave growths for clues to the Persian Gulf’s 
climate over the past 10,000 years. Instead of 
confirming a hypothesis that monsoon 


sual 


st had been e 


abruptly weakened about 5000 years a 
Fleitmann ruled out such a sudden chan; 
observing that monsoons waxed and waned 
in intensity over decades, The findings, which 
appeared in Quaternary Science Reviews e 
lier this year (Vol, 26, pp. 170-188), impli- 
cate a temperamental climate in the rise and 
fall of ancient kingdoms in the Gulf whose 
survival depended on adequate water 
resources, Fleitmann says, 


Scientists have long examined ice cores 


and marine sediments for clues to past cli- 


mates, But such records can’t reveal much 


about continental interiors, apart from 
Antarctica’s, and resolution is blurry for 
changes that occur rapidly 

over decades, i 


Stalagmites and sta 
lactites—deposits of cal- 
cium carbonate known as 
speleothems that form in 
caves—are beginning to fill 
crucial gaps, Speleothems 


are all the rage because of 


their dazzling precision 
Error bars range from a mere 
year to decades, “Iee cores and 
cave formations complement 
each other nicely. [Just as] ice 


cores are frozen water, | like to 
see our stalagmites as petrified 
water.” says Fleitm 


peleothems are producing 
outstanding insights,” adds 
Richard Alley, a glaciologist at 
Pennsylvania State University in 
State College, 

Speleothems form in lime- 


stone caverns over millennia as 
water seeps through soil and, 
upon infiltrati deposits 
minerals on the ceiling or floor. 
Since the late 1980s, re 
have dated speleothems using 


archers 
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thermal ionization mass spectrometry, which 
m um-234 to 
thorium-230 and can pinpoint age as far back 
ats 600,000 years, deep into the Pleistocen 
epoch. Sciemtists may soon be able to reach 
antiquity thanks to a method 
ranium’s decay into lead. 


asures the ratio of urani 


technique, which several teams 
vothem 


are now refining, could extend spel 
climate records by several million yez 


s—far 
beyond ice core climate reconstructions, says 
Giovanni Zanchetta, a paleoclimatologist at 
the University of Pisa, Italy, Meanwhile 
measuring the ratio of oxy 


8 to oxyge 


16 in calcite tells the climate story, as tem- 


perature and rainfall control the ratio, 


Ilustrating the power of speleothems to 
unravel intricate eli 
Xianfeng Wang and colleagues at the Uni- 
versity of Minnesota, Twin Cities, and the 


Instituto do Carste, Brazil, have stron 
dence that abrupt glot 
insti 


evie 
climate shifts 


re 


.d by conditions 


in the high latitudes. 


Spelfpking for clue: 
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Speleothems from Chi 
tight coupling between rainfall patterns in 
the Northern and Southern hemisph 
the past 90,000 years. When China was wet 
Brazil was dry, and vice versa, In a mono: 
graph in press at the American Geophysical 
Union, Wang argues that rainfall patterns on 
either side of the equator are linked to North 
Atlantic sea ice, the extent of which is influ- 
enced by alterations in the “conveyor belt” 
that circulates water from the mid- to North 


s over 


Auantic. “It is wonderful work,” says Alley 
e and precipitation 


patterns over decades could give inst 


Discernis 


g temperatu 


ights into 
droughts and floods—phenomena with hu 


societal impacts. One high-profile event 
‘occurred about 9400 years ago, when a natu- 
ral dam between the Mediterranean Sea and 
Black Sea broke, creating the Dardanelles. 
Some scientists contend that precipitous 
flooding of settlements on the Black Sea 
coast gave rise to the legend of Noah's flood, 

Fleitmann’s group will seck to shed new 
light on the legend by determining whether 


the flooding was gradual or sudden, accord- 
ing to how quickly oxygen isotope ratios 
chang, smite 
from the Black Sea coast in Turkey, The sci 


in a 45,000-year-old stal 


entists will look for altered oxygen ratios as 
originating from a freshwater Black, 
s to rain from a Black Sea turned 
brackish afier infusion of salt water from 
the Mediterranean Sea 
sediments have not settled this question. 
With the si Fleitmann 
says, "we may achiev 


Analyses of sea 


lagmite, 


better temporal resol 
could tinmask a sudden shift in 
‘oxygen isotopes 

Extracting the fine-grain 
details of past climates from 


mites should also help 
n future climate scen: 
Most of us don’t care 


about climate change that 
occurs over thousands or 
more years.” says Christopher 
Poulson, a climate modeler at 
the University of Michigan, Ann 
Arbor, “We wor 
kids and grandkids won't be 
around, but for abrupt climate 
change this is a time scale that 


‘tbe around, our 


matters.” Scientists hoping to 
divine how a warming world 
will look in the coming decades 
might wish to go spelunking 
for answers, 

“JACOPO PASOTTI 


Jacopo Pasotti is a writer in Base, 
Switzerland. 
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METEOROLOGY 


Order From Chaos, Power From 
Dissipation in Planetary Flows 


Meteorologists have long believed that almost every narrow, high-speed fluid flow in 
hature—from Earth's writhing jet streams to Jupiter's banded winds—arises from 


turbulent churnit 


Jets are everywhere, The jet stream brings 
tornado-laden storms to the U.S. Midwest. A 
stratospheric jet keeps the ozone hole penned 
in place over the Antarctic. Another ring of 
\wind in the north wobbles to bring Arctic air 
deep into North America. But jets “have been 
neglected forsome years, even though they're 
the most energetic features in the atmos- 
phere.” says geophysical fluid dynamicist 
Peter Rhines of the University of Washington, 
Seattle, Lately, however, theorists have redou- 
bled their efforts to explain why jets exist. By 
everyday thinking, they shouldn't 

In the latest theoretical assault on the jet 
problem, two researchers proposed at a recent 
meeting” that small-scale turbulence can 
organize and power up a large-scale jet by 
sending energy across the chasm between 
small and large in a single bound. The new 
approach makes testable predictions about all 
sorts of jets, from the curiously reversing 
stratospheric jet over Earth's equator to the 
1-year eyele of the sun's circulation. 
all researchers agree that the analy 
j ‘comprehensive as claimed, but “this is a good 
& step.” says meteorologist Walter Robinson 
of the University of Ilinois, Urbana- 
i ‘Champaign. “if not the final answer.” 
g _ Meteorologists have long been able to 
: 
H 
5 
5 


describe, if not deeply understand, how jets 


* 16th Conference on Atmospheric and Oceanic Fluid 
Dynamics, 25-29 June, Santa Fe, New Mexico, American 
Meteorological Soaety. 


5. Now comes the hard part: How could that possibly work? 


form, The narrow river of wind blowing west 
to east over Earth's mid-latitudes, for exam- 
ple, draws energy from the warm-to-cold tem- 
Periture gradient running up from the tropics 
toward the pole. You might expect the atmos- 
phere’s inevitable turbulence to buffet the jet 
‘out of existence, but instead—illustrating 
what Michael MeIntyre of the University of 
Cambridge. U.K... has described as “the 
exquisitely surprising character” of fluid 
motion on a rotating sphere—itactually feeds 
the jet its life-sustaining energy. 

However, theorists had trouble explaining 
just how the orderliness of a narrow, high- 
speed jet arises from the chaos of turbulence. 
Lately, some researchers. including Rhines, 
have come to favor a “cascade” concept for jet 
formation (Science. 26 January, p. 467). In 
this approach, atmospheric momentum cas- 
ccades upward from the small scale of individ- 
ual storms to larger and larger features until 
the energy is embodied in eddies lange enough 
to power the 1000-kilometer coils ofthe wrig- 
sling mid-latitude jet. 

Cascading up to jets does not go far 
‘enough for some researchers, however. “I's: 
more insightful description but not a theo 
says meteorologist Brian Farrell of Harvard 
University. “We haven't had a tool that 
explains how, outof turbulent flows, can come 
emergent order. What's been lacking isa pre- 
dictive theory” 

He and Petros loannou of the National and 
(Capodistrian University of Athens, Greece. now 
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rine ene ae sang ares win: 
latitudes arise—somehow—asa result of turbulence, 


present what they believe to be a comprehen- 
sive, predictive theory in a paper in press at the 
Journal of the Atmospheric Sciences, Farrell 
and loannou’s new mathematical tool, which 
they call stochastic structural stability theory, 
can be used to calculate how energy moves up 
from small-scale turbulence to the large-scale 
‘atmospheric flow of jets without a continuous. 
cascade fo convey it. In effect, the broad- 
background, west-to-east flow of air organizes 
random turbulence into jets, says Farrell, ev 
as turbulence tries to change the mean flow. 
Rhines puts it more metaphori 
to stochastic analy 

randomly beats on the broad west-to-cast flow 
until it“Tings like a bell” with the pure tone of a 
jet's flow. “All of the jets we see on 
their scales, their structures—naturally fall out” 
of the calculations, Farrell says, “I think it solves 
«fairly big chunk of the turbulence problem” 

If so, researchers could take a new look at 
a numberof jets. Instead of merely deseribing, 
the way the stratospheric jet over the tropics 
reverses direction every 28 months in the s0- 
called quasi-biennial oscillation, they could 
predict the period of its oscillation, And paleo 
<limatologists might be able to explain abrupt 
climate shifts in the geologic pastas the effect 
‘of “jumping jets.” That's Farrell's term for jets. 
inclined to reposition themselves—with their 
associated climate—suddenly when slowly 
pushed by changing climate, Using his sto- 
stic analysis, he could predict just what cl 
mate change would tigger a jump. 

No one is taking stochastic jet for 
that far quite yet. Rhines does not believe the 
process is as random as stochastic structural 
stability theory assumes, The interaction of 
large-scale eddies and jets is too tidy a picture 
to be that wrong, he says. Farrell and foannou 
are “doing very exciting probing of the sys- 
tem," he says, “yet its not a general theory its 
an exploratory tool.” 

Meteorologist Maarten Ambaum of the 
University of Reading, U.K., sees merit in 
the new tool because “it’s a more compre- 
hensive framework than many people have 
thought about.” To develop the approach 
further, Farrell plans on extending the sto- 
chastic analysis from two dimensions to 
three—an easy next step, he says. And 
Robinson would like to see model simula- 
tions designed to pin down what role random 
forcing plays in jet formation. Results so far 
j2gest Brian and Petros are on the right 
track.” says Robinson, so a follow-up effort 
would be well worthwhile. 

RICHARD A. KERR 
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Retraction 


WE WISH TO RETRACT OUR REPORT “COX2 GENE EXPRESSION AND TROPHECTODERM LINEAGE 
specification in mouse embryos” (/). Allegations of research misconduct were received by the 
University of Missouri-Columbia (MU) Provost 
(K.D.) engaged in research misconduct by intentionally falsifying and fabric 
images in the preparation of Figs, 4; 4N; 48; 2G; 3,J to L; $2, V to X; and 6,1 
panying the Science article. I 


addition, the original raw image files for the majority of the fi 


ures in the paper h the confocal seannit 
Figs. S1, $3, $4, S5, and $6), raisi 


suspect, We have decided to withdraw the 


.¢ not been located (the exceptions be 


the possibility that the data they represent may also be 


ticle in its entirety in view of the fact that the 


Was founded at least in part on falsified or fabric 
The correspondin 


author (R.M.R.) takes responsibility for plac: just in hisco- 


worker and fornot assuring that a complete set of raw data existed 3 he questions first 
arose about the paper. We deeply regret any scientific misconceptions that have resulted from 
the publication of this 


The first author resigned from MU shortly after the alley 


ticle. 
ions of research misconduct were 


the retraction. 

AR. MICHAEL ROBERTS, M, SIVAGURU,? H. Y. YONG? 
"DWsion of Animal Sclences, University of Missourl, Columbia, MO 65211, USA. institute for Genomic Blology, Univesity 
of Iinos, Urbana-Champaign, Ik 61803, USA. 18K21 Dental Research Institute, College of Dentistry, Seout National 
‘University, 28 Yongur-dang, Chongno-gu, Seoul 110-749, Kore, 


received and could not be found to sigi 


Reference 
1K, Deby M. Shagur, HY. Yong, R ML Roberts, Scence 321, 992 (2006) 


Editor's Note: Science published an Editorial Expression of Concern (27 October 2006, 
1p. $92) about this paper, which alerted readers to the then-ongoing investigation, 


The Shortage of 
Science Teachers 


SCIENCE DESERVES PLAUDITS FOR FOCUSING 
on the crisis in science education resulting 
from the lack of properly qualified K-12 
teachers in the nation’s public schools (News 
Focus Special: Preparin 
pp. 1270-1279). Calling attention to efforts 
in several states to e1 


only on the supply side is a losing 
ve examples from Californ 
which Iam most familiar. 

fall the graduates of ( 
universities who have majored in math in a 
given year bec 


Let m a. with 


ifornia’s public 


ne credentialed teachers in 
the state, the numbers would still fall short of 
the projected demand for math teachers in the 
decade ahead. A second major problem is 
her retention, particularly in hard-to-staf. 
low-performing schools where “working con- 
ditions” 


Teachers, | June, 


ge research universi- 
in to address the prob- 
ly, the supply side of this 


ties will hopefully by 


Jem. Unfortu a major factor and where unde! 


issue is only one of several critical, inter- 
acting elements of a complex sociopolitical 


prepared teachers are predominantly located 
(J). Teacher attrition in the first 1 to 4 years 
diminishes the importance placed on increas- 
ing the number of entrants (2). The typical 


system that is typically controlled or re- 


gned one element at a time. Focusing 
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m the 
ing 


ce is that it stems fr 
loss of professional status in the tea 


professionas.a consequence of overemphasis 
and rigid adherence to standards- 


on testing 
based instruction, Teachers no longer enjoy 
the privilege of controlling delivery of currie- 
ula and thus acting as professionals, i. 
judgment in the conduct of 


their classes. 
Finally. 

worked value time above compensation. No 

university administration expects its faculty 


teachers with whom Tha 


to spend the entire day standing in front of 
a class. Teachers in K-12 need time for col- 


legial activity and professional development 
to discuss content and pedagogy and, above 
all, to reduce the sense of isolation that dom- 
inates their lives. As an engineering scholar 
fully cl 
cational system will never funetion properly 
until policy and practice are consonant with a 
properly designed, controled, and resourced 
system. As long.as policy-make 


itis to me that the public edu- 


continue to 
tinker with only selected 
Jem, the “Gathering Storm” will continue 
wy. If K-12 were a 
never would have taken off, 


arts of the prob- 
to gain ene airplane, it 


KARL. PISTER 


Dean and Roy W. Carlson Professor of Engineering 
Emeritis, College of Engineering, University of Calfomia, 5 
Berkey, Betbley, A 94720, USA. 
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Explaining Latitudinal 
Diversity Gradients 


DIFFERENCES IN MEASURED RATES OF SPECI. 


ation and extinetion amy 


pecies are 
n latitudinal diver- 
sity gradients, The logie is straightforward: 


the higher the net diversification rate (the dif- 


commonly used to expla 


ference between the speciation and extinction 
rate), the 
this vein, J.T. Weir and D, Schluter conclude 


ater the number of species. In 


from their recent study of birds and mammals 


than 


that decreased extinction rates rather 
increased speciation rates account for the 
higher net diversification rates posited to 
dive latitudi radients (“The 


itudinal gradient in recent speciation 


extinction rates of birds and mammals,” 
Reports, 16 March, p. 1574). 


However, speciation and ext 


ction rates 
may have little bearing on the cause of latitu 
dinal diversity gradients. Although we have 


only a poor understanding of what controls, 


species n isclear that resource avail- 
ab 


ular, that the harshness (and reduced a 


bers, 


ty is of critical importance, and in partic- 


the poles limits population numbers. That is. 
the polar carrying capacity—the number of 


species that ean be supported —is less than 


that of equatorial regions, and thus we should 
expect a latitudinal biodiversity gradient 
Critically, rates of speciation and extinetion 
do not control carrying capacities, but only 


reflect rates of species turnover, and the rate 
at which biotas reapproach their carry 


capacities in response to perturbation, or as 
their carrying capacities shift in response to 
ch 


ng biotic and abiotic influences, 
Under this framework, Weirand Schluter’s 
discovery that orig q 
extinction rates for birds and mammals 
increase with latitude may have little bearing 


tion a 


‘on the reason that there are latitudinal diver- 
sity gradients. Instead, their data suggest that 


the frequency of extinction and replacement 
for these animals has been higher at high lat- 
iudes than at lower latitudes. This observa- 


tion implies that ecological disturbance 


is more frequent, or has greater impact, at 


higher latitudes, consistent with the greater 


effects of the Plio-Pleistocene glacial cycles 
latitudes, as Weir and Schluter note, 

n latitudinal diversity 
gradients, we need to focus more on the 


If we are to exp! 


determinants of carrying capacities, and less 
‘on the rates at which species turn over, or 


‘on how quickly species numbers adjust to 
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perturbation or to chat 


carrying capacities, 

‘CHARLES R. MARSHALL 
Department of Invertebrate Paleontology, Museum of 
Comparative Zoology, Harvard Univesity, 26 Oxford Street, 
Cambridge, MA 02138, USA. Email cmarshal@oeb. 
havard.eds 


Response 
THE STARTING POINT OF OUR STUDY WAS THE 
previous observation that net diversification 
rates are bh 


in the tropics than in the tem- 
perate zone (/, 2), This is unexpected ifspecies 
diversity is at equilibrium, which instead pre- 


dicts the same av 
everywhere within surviving 

Marshall has not defined “ca capac 
or its criteria, but his use of the concept 
stiggests an analog to the carrying capacity 
constant in simple theories of population 
growth under resource limitation, Yet, al- 
though a population carrying capacity might 

st on paper, its evid 
that populations are regulated within wide 


ity” 


bounds rather than exploding or 
(3,4), Real populations fluctu 
vagaries of birth and death 


ie according to 
and ecologists 


continue to find elues to the determinants of 
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population size in measurements of these vital 

rates. Similarly in the evolutionary process, 

species diversity is certain to be influenced by 

ries of past speciation and extinction 

5, 6). Therefore, measurements of these 

rates will be useful in understandis 
and future species numbers. 

The idea has been suggested before that a 
“species carrying capacity” might 
il bigherspccis AscRy fies TONGS 
compared with the temperate zone (6). U 
fortunately, the main evidence for a higher 
species carrying capacity in the tropics is 
the greater number of species there. At the 
moment, we are completely unable to explain 


present 


Letters to the Editor 


why, in principle, the numbers of species of 
birds or plants that can be supported inthe tem- 
perate zone should not be much 
the current numbers. Except at the po 
density of individuals is not much less in the 

8), What 
ances t0 


temperate zone than in the tropics (7, 
we can record are the frequent distur 
the temperate zone that have likely knocked 
back the numbers of species. Our estimates of 


the impact of these disturbances on species 

turnover agree with other sourees of evidence 

that point to the influence of extinctions on 
al patterns of biodiversity (9, 10) 

DOLPH SCHLUTER AND. 

JASON WEIR 

Bioversty Research Center and Department of Zoology 


University of British Columbia, Vancouver, BC V6T 124, 
Canada 
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Papers Not in the 
Right Section? 


PERS “EVALUATING MONTESSORI EDU- 
*(A. Lillard N, Else-Quest, 9 September 
2006, p. 1893) and “Algorithm-guided individ 
ualized reading instruction” (C. M. Connor er 
«a, 26 Januatry, p. 464), which appeared in the 
Education Forum section, seem to be research 
papers, Since the Education Forum is located in 
the Commentary section, I assume that the 
paperhas not undergone the same level of peer 
review as other papers published in Science 
The Education Forum is supposed to be about 
science edueation, but the second paper is on 
reading instruction, Moreover, it promotes 
particular software product, and the authors 
have declared possible future conflict of 
interest. This paper raises the question of 
why it was published in the Education 


6 
D. 
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‘TECHNICAL COMMENT ABSTRACTS 


Comment on “Coherent Control of Retinal Isomerization in Bacteriorhodopsin” 
Manuel Joffre 


Prokhorenin etal. (Research Aries, 1 September 2006, p.1257) reported that inthe wealcfield regime, the efficiency of 
‘etnalisomeriaton in bacerothodopsin canbe controlled by modulating the specral phase of the photoexcitation pus. 
However inthe linear excitation regime, the signal measured in an experiment involving a time-invariant stationary process 
«an beshown tobe independent ofthe pulse spectral phase. 

Fulltea at mew scencemag orgAgiontenttu317/5837/8535 


Response To Comment on “Coherent Control of Retinal Isomerization in 
Bacteriorhodopsin” 


khorenko, Andrea M. Nagy, Stephen A, Waschuk, Leonid S. Brown, 

irge, R. J. Dwayne Miller 

Jotre atemptsto show thatthe linear esponseof any quantum system fo an external perturbation is phase insensitive, but 
he uses icorect mathematical assumsions. misnterprets the time invariance principle, an ignores causality, We argue 
thatthe opposite case—an explicit phase dependence fora signal measured inthe linea excitation regime—can equally 
be shown using Joe's approach and assumptions 

Fulltext at wn cencemag origicontentful317/5837/453c 


Forum section rather than being submitted as 
a Report and scrutinized through Science's 
normal peer-review process. Education sci- 
‘ence is most welcome in the pages of Science, 
as long as the work reported fulfills all the 
scientific standards of the journal 

FRANCK RAMUS 


Laboratoire de Sciences Cognitives et Psychotinguistqve, 
Ecole Notmale Supérieure, 46 rue d'Ulm, 75230 Paris 
Cedex 05, France. Ema: tranckrames@ens.f¢ 


Editor's Note: As with the other parts of the 
‘Commentary section, Education Forums are 
reviewed at the discretion of the Editor han- 
dling the paper. 
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SOCIOLOGY 


Reflecting on the Surfaces of Life 


Rebecca M. Herzig 


drugs. Aged grandmothers giv~ 
birth to triplets. Has the breathtak- 
ing spread of new biomedical technologie 
fund: 
Thi isnot the question sociologist 
Nikolas Rose tackles in The Polities of Life 
Iself. Breaking from the pack of popular and 
scholarly books on the quandaries posed by 
‘emerging biomedical capabilities, his analysis 
‘concems not what human beings are, but what 
they think they are: the kinds of human beings 
they take themselves to he 
Where countless bioethicists, philoso 


ents a far more int 
never been more biolog 


“somatic” 
understandings. The 


to our ima; 


proposes. 


epochal break with nature, Rose instead pre: 


mately invested in reshapi 


corporeal character of our re~ 
ships to ourselves 
ed futures, 
forms the milieu 
within which novel forms of 


restrictions on their rights to hold and transfer 
property. to control their own earn; 
vote, Political and economic enfranchisement 
presupposed bodily com id vice versa 
While noting lines of historical eon 
Rose detects in co 
distinct change, one tied to larger transforma- 
tions in liberal governance. Increasingly, Rose 
argues, the “specific vital characteristics of 
human beings” are the focal point of both 
individual and_ institutional 
control. The proliferation of 
genetic support groups, dietary 
consultants, and preventative 
medications all manifest an 


claim: we 


inti- 


ll, never mor 


The Politics of Life Itself 


self- 
nsely ethic of person 
mization that is by now more 


or less obligatory: “negative 


id 


Rose 


judgments are directed toward 
those who will not, for what 


ever reason, adopt an active, 


phers, and other social critics have fretted over authority are taking shape. informed, positive, and pru- 
the “posthuman” future signaled by recent OF course, authority has dent relation to the future.” For 
developments in neuroscience, genomics, always been embodied in one those of us in the “advanced 


pharmacology, and surgery, Rose (director of 
the BIOS Centre at the London School of 
Economies) shrugs off such anxious reflee- 
tions; “{HJumans have never been “natural.” 


most “unfit” fi 
liberal polities, those t 
nance by cons 


he points ou 
of language we h 


capacities through intellectual, material, 
human technologies.” In lieu of positing s 


The reviewer is at the Program in Women and Gender Of Political authority. In 


‘Studies, Pettegil Hall 209, Bates College, Lewiston, ME 
(04240, USA. Email: rherig@bateseduy 


FICTION AND EXPLORATION 


The World Measurers 


aniel Kehlmann reveals what a difficult task itis to take the 
Dimers somata dinero meth 

‘world. Fortunately, he has chosen the novel as his medium. 
Taking two contrasting characters, Measuring the World weaves the 
parallel stories of Alexander von Humboldt and Carl Friedrich Gauss 
between events precipitated by the savants’ meeting in Berlin—the 
occasion that opens and closes the story. The low-born Gauss 
was famous for exploring the 
universe of numbers, time, and 
space. Luckily for him, being 
a wretehedly poor traveler. 
his excess of talents mostly 
allowed him to stay at home. 
Kehlmann has Gauss reflecting 
that “to understand the restless- 
ness at the heart of Nature 
one didn’t need to clamber up 
mountains or torment oneself 


Measuring the World 


by Danie! Kehimana 
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way or another, Governments have long 


recall the Third Reich's efforts to expunge the 
1m their ranks. Even 


Ito the development 


‘a sessments of white 
women's physiological fr 


SCIENCE 


liberal nations of the West. 
fears concerning the quality of our well-being 
signal our submission toa new kind of author- 
ity—the polities of “life itself.” 

Rose attributes this field of biopolities to a 
convergence of increasingly sophisticated 
diagnostic and therapeutic tools, increasing 
financial investment in basic and applied bio- 
logical research, and inereasing ability to vist- 
alize and act upon life at the molecular level 
Such processes of technologi “capital- 
ization,” and “molecularization” in tum eng: 


our hopes and 


the spirit butalso 
need only 


more 


it emphasize gove 


19th-century Am 


ty helped bolster 


in the jungle.” Seemingly agreeing with this notion, Kehlmann's 
Humboldt, scion of nobility, comes to the conclusion that “he could 
no longer have said which of them had traveled afar and which of 
them had always stayed at home.” 

Ultimately, Kehimann’s Humboldt remains an enigma, whereas 
Gauss and Humboldt’s companion, Aimé Bonpland, are fully leshed 
characters in every sense. In the novel, the irascible Gauss is suffi- 
ciently certain of his own worth to berate God for His folly in putting 
such an intelligent man on an Earth not yet prepared for him, By con- 
trast, Kehlmann portrays Humboldt as a compulsive measurer 
possessed of an alarming degree of detachment except when 
confronted by the unavoidably marvelous or 
frightening. We are told that Bonpland is 
at a loss when asked what kind of person 
Humboldt is. Nevertheless, this doesn't stop 
Kehimann from using Humboldt as the target 
in Bonpland’s murderous dreams. Kehlmann 
has him brandishing knives at his mentor dur- 
ing campsite sleepwalking. 

I wonder whether Kehlmann’s novel of the 
natural world will be as successful in transla- 
tion as it has been in German, as over the 


Jaguars and 
Electric Eels 


by Alexander von 
Humboldt 


www.sciencemag.org 


broader changes in “marketization, autono- 
mization, and responsibilization.” that isto say 
in the kinds of state-market relations emerging 
in places like Australia, Canada, the United 
States, and the United Kingdom. Rose expli: 

cates haw these vast processes of global politi- 
cal and economic restructuring are born 
‘out through individualized habits: monitoring 
blood sugar levels, reading self-help books, 
filling out organ-donation cards, He illumi- 
nates how each such practice reveals an intri- 
cate entanglement of ethical and economic 
value: our most tender aspirations are now cap 
illaries of global capital 

Rose shows uncommon restraint in refuse 
to speculate about the bright or gloomy 
prospects of stich developments. Ina ref 
ingly modest approach, he eschews both 
breathless anticipation of the possibilities for 
health and well-being awaiting just around the 
‘corner and distressed condemnation of efforts 
totamper with human nature, He instead stay 
firmly focused on lysis of the 
nt condition, Drawing on his own well- 

garded studies of psychiatry and neuro- 
seience as well as on cutting-edge research by 
talented social scientists such as Hannah 
Landecker, Carlos Novas, and Ariana Petryn, 
Rose synthesizes topics ranging from biologi- 
cal criminology to xenotransplantation in a 
‘coherent, thought-provoking frame. 

At the center of this frame is the “style of 
thought,” a concept borrowed from Ludwik 
Fleck. A style of thought, Rose explains, is a 
particular way of conceiving the world and 
acting in it, It involves not only specific 


arrangements of machines, models, customs, 
and so forth but also membership ina particu- 
Jar “thought community.” a group of people 
disciplined to organize terms, concepts, phe- 
nomena, and arguments in a particular way. 
Rose suggests that contemporary biomedicine 
demonstrates new style ofthought, one char- 
acterized, in part, by an altered relationship to 
causal depth. Where 19th-century biology 
{not to mention sociology and psychology) 
presumed that underlying laws determined the 
visible characteristics of organisms, contem- 
porary biomedicine effectively Mattens the 
relationship between the surfaces and depths 
of bodies. No longer dwelling on enigmatic 
interiors, the contemporary life sciences focus 
‘on surface associations —relays of nonhierar- 
chical networks and affiliations, Mind, for 
instance, is not understood in the mysterious 
terms ofthe Freudian unconscious. but simply 
as “what the brain does” It is this shift a 


accounts of his 


outh Ameri 
Jaguars and Electric Eels (2 


BOOKS ETAL. I 


from an “epistemology of depth” that “en- 
ables us to be governed in 


overn ourselves different! 
The referentof the “us” in such lines is obvi 
rucial, as Rose readily recognizes. The 
book's first footnote dismantles any presump- 
tion of global inclusiveness carried by words 
suich as we and us and our. As Rose reminds 
readers, atiny fraction of the total biome 
resources of the planet are directed to the 
threats to health facing most of its inhabitants 
Médecins Sans Frontiéres has described this 
fact as the “1090 gap,” bec: 
the world’s health problems ra 
cent of global expenditures on health research, 
Isewhere in his analysis, Rose takes p 
siress similar gaps, noting, f 
“the ills that aMlict most human beings no 
in the foreseeable future require no high tech 
solutions—merely clean water, sufficient food, 
a living wage, and moderately competent 
politicians and bureaucrats” Indeed, Rose goes 
so far as to assert that a “constitutive feature 
‘of contemporary biopolitics” is the tension 
between “the intensifying somatic ethics in the 
West... and the inequities and injustices of the 
local and global economic, technological, and 
biomedical infrastructure required to support 
such a somatic ethic.” 

‘What, then, of this tension and its constitu- 
tive role in the politics of life itself? How, ulti- 
mately, might we reconcile the disparities of 
global economic and political restructuring 
\ith the trend toward fattening that Rose pin- 
points as central to contemporary biomedi- 
cine? “Perhaps,” Rose proposes at the book's 


journeys are readily available in 
Even in such a truncated form, 


Humboldt gives the reader a far better sense of place than Kehimann 
and offers far more enlightenment about the natural world in his 
accounts of agricultural degradation and altitudinal zonation in South, 
America. Humboldt’s own words also provide authentic glimpses of 
his abundant enthusiasm and curiosity, Perhaps Kehlmann has never 
been to Venezuela, Even so, considerations of landscape and place 
lay at the very base of Humboldt’s thinking and deserve more 
care, Kehlmann is generally more sympathetic to the astronomer- 
mathematician’s far less exotic activities. To be fair, the novelist’ 
theme is measurement not synthesis, but this still sells Humboldt 
short. At least, however, Kehlmann is trying to bring the world of 
science and discovery to a wider audience. 


—Caroline Ash 
nglish has been well served by stories of explorer-scientistsin _ References and Notes 
diaries and fictions. Translation brings obvious and trivial risks, L heaped ochre eerchanrsrriaeie | Hamburg. Germany, 


although I enjoyed the thought that Gauss could predict prime num- 
bers asymptomatically. 

Kehimann’s words also have to compete directly with Humboldt’s 
personal narrative: particularly now as short extracts from his 


2, Etract fromA. von Humboldt, Personal Norte ofa Journey tothe Equinctial Regions 
ofthe New Cotient,). Wis, Ea. Tasl. Penguin, Londen, 1995). 
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conclusion, “it is not too much to suggest that 
as the styles of thinking in biology mutate, so 
then should the styles of thought in those dis- 
ciplines seeking to understand their social 
organization and consequences, The critical 
social sciences also need to understand that 
the most profound thought is that which 
remains on the surface.” Even as Rose's book 
offers tremendous insight into our biomedical 
present, it may be that some of those tradi~ 
tional analyses have something yet to con- 
tribute as we confront the unfolding inequities 
of contemporary vital polities. 
.1126)ence.1164¢02 


PSYCHOLOGY 


The Nature of Belief 


Scott Atran 


Things Before Breakfast, Lewis Wolpert 

describes a disturbing encounter with his 
son's envious belie that father has the advan- 
win Life because he is likely to die sooner 
and enjoy heaven, In August 2005, while with 
Muslim mujahedin in Sulawesi, (noticed tears 


I: explaining why he wrote Si Jmpossifde 


\welling up inmy traveling companion, Farkhin 
(who helped bomb the Philippine ambas- 
sador’s residence in Jakarta and had hosted 
id 


9/11 mastermind Khalid Sheikh Mohammed) 
when he heard of'a young man killed in a skir- 
mish with Christian fighters, “Farkhin, you 
knew the boy?" I asked. “No.” he lamented, 
“but he was only in the Jihad a few weeks: I've 
been fighting since Afighanistan [late 1980s} 
and {'m still not a martyr.” 

In trying to grasp his son's belief as well as 
the beliefs of people like suicide bombers and 
today’s great clashesamong religious and polit- 
ical beliefs, Wolpert draws fresh insight from 
the biological and evolutionary roots of belie. 
He surveysa vast domain that begins with chil- 
dren’s innate ideas about the differen 
between how inert objects and animate agents 
like people interact and ends with the almost 
miraculous breakaway of scientific beliefs 
from our intuitive understanding of the world: 
there are more molecules in a glass of water 
than glasses of water inthe oceans, We fink out 
that other primates lack mental equipment for 
‘mind reading, They can’t represent or embed 
another's beliefs in their own thoughts (" 
believes that Mary thinks 
tand how they 


The reviewer is atthe CNRS—institut Jean Nicod, Ecole 
‘Normale Supérieure, 29 rue d'Ulm, 75005 Paris, France. 
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entific truth. And we learn why other animals 
can't truly imitate or lara new dance and why 
homeopathic medicine and psychotherapy 
involve “beliefs related to witchcraft 
The book's unifying theme is that all belief 
is ultimately rooted in causal understanding 
and has its evolutionary origins in the use and 
‘manufacture of tools. This kts Wolpert scan the 
landscape of belief with clarity and direction 
but leads down the wrong path in key areas. He 
argues that managing fire “might have been 
one of the origins of market exchange, and 
might have led to the advantage of humans 
knowing about numbers.” Yet defining aspects 
of number, such as the concept of a class of 
similar classes or of infinite discreteness, relate 
‘more to categorization processes and languag, 
structure than to causality. We 
are told “Verbs ranging from 
‘go to “hit” to “throw" require 
causal thinking 
prerequisite for language devel- 
opment.” Now Kanzi.a brilliant 
bonobo, can use symbolic 
tokens to reference causal rela- 
tions between actions and 
goals; however, Kanzi’s strings 
are usually action-action con 
boinations, such as “chase bit 
These strings employ two 
“predicates” and no subject. No 
thurman language allows sentences that have no 
syntactic arguments andl thus cannot express 3 
subject-predicate proposition. Hominid tool 
play tells us litte of testable, scientific interest 
about linguistic structure, number, or markets 
But itis Wolpert’ speculation on religion 
that is needlessly awry. He claims religious 
beliefs “all had their origin in the evolution of 
beliefs, which in tum had its origins in 
tool use.” Gods and prayer act in tandem to 
promote “optimism and hope” by providing 
special controlling forces when common 
sense expectations fail, catastrophe or chaos 
leaves life to chance, or death looms. “And 
since causal beliefs that promote survival are 
partly programmed by our genes. could that 


Before Bre 
an essential 


not also be true of some aspects of religious 
beliefs that promote survival, particularly 
and even, 


those that relate to mystical forces 
pethaps to the gods themselves?” 

Wolpert identifies rel 
the supernatural, which is fine by me, but 
recent work in the cognitive science of reli- 
gion indicates that there is no genetically priv- 
ileged “supernatural imagination” or “bilo 
ically determined module for making myth 
Rather, cognitive production of the supernatu- 
ral occurs by purposely violating our ordinary 
and innate ideas about causality, Wolpert 
acknowledges that “what makes an event 


1 is that it goes against our natural 
expectations about causes,” just as dragons 
and other monstrous hybrids violate innate 
assumptions about essentialized biological 
categories. But this is not because some 
extraordinary, parallel faculty of causal rea- 
soning evolved through genetic adaptation, 
Religion involves the same causal cate~ 
gories that evolution endowed us with for 
including folk mechan- 
ct boundaries and movements), folk 


goal-directed behavior)—and which con- 
strain the ways children learn language. Core 
religious beliefs minimally violate ordinary 
notions about how the world 
inescapable problems, 
‘enabling cognitively man 
able and memorable supernat- 
tural worlds that treat existen- 
tial problems, including death 
and deception—for example, a 


With all of its 
thus 


ible Things 
akfast 


world with beings (angels, 
ghosts, ancestral spirits) that 
resemble us 


motionally, intel- 
id even physically 
can move through 
solid objects and be immortal 

That “lower blood pres- 
has. positive associa- 
may be true in set- 
tings most familiar 10 many of us, but it is 
doubtful for more passionate contexts (€.2, 
pentecostal or jihad). And although “one ean 
see how valuable the possible force of prayer 
is to the more or less helpless individual 
suffering from severe pain,” most prayer: 
indeed, most religious ceremony—occurs in 
ritualized social settings that coordinate the 
congregation's body states (chanting, sw 
ing, displays of submission, etc.) and that 
arguably promote an emotional consensus 
that can trump even the most logi 
pelling and evidence-based belief’, 

Ifreli rt suguests, a spe. 
immune to logic 
and evidence—about how things are in the 
world, then itis true that “science is basically 
in conflict with religion.” But if religion is pri 
marily about what ought to be, including 
‘moral framing that convinces people to com- 
mit to others beyond the logic and evidence 
foradvancing self-interest, then conflict is not 
inevitable. Understanding and manipulating 
causality, though key to seience, is only one 
integral component of religion and other 
aspects of human brain development, know!- 
edge, and belief that bind us to one another 
and the world. 


ly com- 
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TRANSITIONS 


The Two High-School Pillars 
Supporting College Science 


Philip M. Sadler'* and Robert H. Tai? 


students need chemistry in order 
D: Understand biology? Is bisosy 

the best foundation for beginning 
we students? How is the study of 


mathematics associated with the study of 
science? Whether the sequence of science 


courses has any cognitive relevance is a 
matter of dispute among science educators, 
especially given the emerging interdis 
plinary underpinnings of traditional id 
in each field, For example, understanding 
ical models requires some knowledge 
of the physies of electrostatics, and a solid 
foundation in lipid and protein chemistry 
can help explain the construction of cellu 
membranes (/-3). Meanwhile, the role 
‘of mathematics is considered to be less 
crucial to introductory biology coursework 
than to physics, One group, often referred 
to as the “Physics First” movement, pro- 
motes a reversal of the traditional biology- 
chemistey-physies high-school course se 
quence on the premise that key concepts 
from physies would better prepare students 
to study chemistry and even biology (4-6), 
To study this theory, we assumed that the 
benefits of hi nce prepara 
tion would extend into college (i.e.. 
student who has completed high-school 
physics may perform differently in a col- 
lege chemistry class than a student who 
not taken physics). 

In the United States, high-school stu- 
dents can choose the number of years that 
they study each science subject [none, one 


che 


-school se 


year, or a second year, commonly Advanced 
Placement (AP)] and mathematics (i.e.. 
Algebra II or lower, pre-calculus, calculus, 
or AP calculus). We analyzed the association 
between varying amounts of high-school 
biology, chemistry, physies, and mathemat- 
ics preparation and performance in intro- 
ductory college science. Although not an 
experimental design, this approach does 
offer the advantage of large participant 
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numbers, while approximating the impact 
of prior science learning on subsequent 
‘nce performance. By analyzing the 
cross-disciplinary benefits of these subjects, 
across high school and college, we sought to 
bring empirical evidence to a debate that is 
ed by rhetoric. 


often fuel 


‘Sample, Instrument, and Analysis 
We randomly selected 77 colleges and uni- 
versities from a comprehensive list of roughly 
1700 4-year institutions. To avoid overrepr 
senting small, but more numerous, liberal arts 
colleges, we used a representative stratified 
random sampling based on college size 
(3000, 3000 to 10,000, and >10,000 stu 
dents). In all, professors for 122 introductory 
biology, chemistry, and physics courses at 63 
of these colleges and universities participated. 
Only science courses satisfying requirements 
for science majors in each discipline were sur 
veyed. We excluded from our analysis stu- 
dents who did not attend a U.S. high school, 
‘graduate students, and those notin degree pro- 
ms. Our total sample consisted of 8474 
undergraduate students enrotted in one of the 
three introductory science courses 

We designed three paral- 
lel surveys tailored to the 3 
disciplines of biology. chem- 
ry, and physics, analogous 
to a previous pilot study of 
2000 college physics students 
(7), We further informed our 
survey with a series of int 


views with college students, 
high-school teachers, and col- 
professors. We tested for 
response reliability in a sepa- 
rate analysis involving 113 
college chemistry students who 
completed the chemistry sur- 
vey twice, 2 weeks apart, The 
resulting survey included que: 
tions on how many high- 
school courses students had 


Dierence in College Grade 


completed in each science 
subject and mathematics. 
‘Utimately, the surveys were 
administered to the sampled 
students while in class during 
the Fall semester. Professors 
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Colege Biology 
Effect of high-school science and mathematics on college science 
performance. The more high-school courses a student takes in a given 
subject, the better the student’ cllege grade in the same subject wil be. 
The average grade-point increase per year of high-school biology 
(orange), chemistry (green, and physics (blue isignificant fora college 
course in the same subject but not fora college course ina diferent sub 
ject. Only high-school mathematics (gray) caries significant cross 
subject benefit (eg, students who take high-school calculus average bet- 
tergradesin college science than those who stop at pre-calulus) Grade 
points are based on a 100-point grade scale. Error bars represent 
2 standard errors ofthe mean, 


Out-of-discipline high-school science courses 
ate not associated with better performance in 
introductory college biology, chemistry, or 
physics courses, but high-school math counts. 


reported the final course grade of each student 
at the end of the term. We converted grades to 
scores using the following scale: A= 95,4. 
91, Be = 88, B= 85, and so on. The mean 
grade was 80.41 (B-) with a standard devia- 
tion of 1143, 

We performed three parallel analyses, 
resulting in three separate yet comparable 
linear regression models (4). The sample 
sizes were 1 = 2650 for biology, n= 3561 
for chemistry, and 1 = 2263 for physics, To 
account for diffe i the college 
science courses (¢.g., grading stringency), 
we used a college-effects model that as- 
signed a variable to each college course (9) 
We chose variables to control for student 
background differences based on our earlier 
work (7, 10-12), which indicated that we 
should account for each student’ year in eol- 
lege. (Most biology and chemistry students 
were freshmen, but most physics students 
were sophomores or juniors), We also 
accounted for race and gender (tables $3 
to $5) (7). Recognizing that the quality of 
teachers and resources available in a high 


school depends to some degree on the socio- 


Cellege emisty College Physics 


27 JULY 2007 


457 


| EDUCATIONFORUM 


458 


parental education level and the mean educa- 
tion level of the community [retrieved from 
postal code data (10), Pre-college academic 
achievement of students was accounted for 
in the models by including self-reported 
standardized test scores. Using a concor- 
dance table, we converted ACT scores to 
SAT equivalents for this analysis (/3), “Last 
high school English grade” and “ast high 
school math grade.” along with “highest 
‘math course taken,” provided an estimate of 
educational achievement outside of science, 
Using these variables as a baseline model to 
account for demographic and educational 
differences, we accounted for the inclusion 
of the three high-school science predictors 
{years of biology instruction (ybi), years of 
chemistry instruction (yei), and y 
physics instruction (ypi)]. The compl 
high-school courses in each science disei- 
pline was entered asa continuous variable (0, 
|, or2 years). For the purposes of this discus- 
sion, we focused on the regression coetfi 
cients that may be interpreted as grade points 
ona 100-point final grade seale (see chart on 
page 457), We based our analytical approach 
‘on results from previous research relating to 
specific disciplines, block scheduling, and 
content coverage (0-12). 


Results 
Multiple linear regression analysis yielded 
three results: (i) an overall estimate of the 
outcome variable’s variation, (ii) estimated 
coefficients for predictor variables of the 
linear model, and (iii) each predictor vari- 
able’s associated level of statistical signifi- 
cance, The three multiple linear regression 
models in biology. chemistry, and physics 
accounted for variances of 32, 31, and 35%, 
We found that the three high- 
school science predictors (ybi. yei, and ypi) 
were only significant as predictors within 
their respective disciplines (effect size 
0.13 SD, P< 0.01) (see chart). No signifi- 
cant cross-disciplinary effect was found 
among the three science disciplines, 

‘Years of mathematics instruction (ymi) 
‘was a significant predictor of performance 
acrossall college seience subjects, including 
introductory college biology. a discipline 
not traditionally associated with strong math- 
cematics. preparation (effect size ~ 0.14 SD, 
P< 0,001) (see chart and tables $3 and SS). 


respectively 


Discussion 
Our research examines correlations and 
does not offer the proof of causation that an 
experimental study could. However, the lack 
ince in cross-disciplinary course- 
\work supports the claim that eross-disciplinary 


‘Math class. High-school math prepares students for college science 


coursework has a lesser role in preparation 
for performance than either intradiscipli- 
nary or calculus coursework. There may be 
ined variables that offer greater pre~ 
er, such as interest level in a par- 
\d or parental occupation. 

Oursurveys rely on accurate self-reporting 
of personal experiences from respondents, 
which presents an important limitation to 
consider. The accuracy of self-reports relies 
on context and relevance, Studies of stu- 
dents’ high-school course schedules have 
found self-reports to be reasonably aceurat 
in comparison with transcript sources (/4), 
A review of self-report studies has found 
that among college students, self-reports on 
academic backgrounds are also reasonably 
accurate (15). Surveying college scien 
students during their colleg 
about their high-school science experiences 
appears to meet the requirements of context 
and relevance. We found response reliability 
to be acceptable for the analysis we unde 
took in this study (/6). 

We also specifically investigated the 
~10% of students in our sample who took 
high-school AP courses and then enrolled in 
the corresponding introductory college 
courses. We were concerned that these 
AP students in our sample might be biased 
toward underperformers. However, we found 
that the mean AP exam score for this group 
was 2.99, slightly higher (0.15 SD) than 
the overall mean of 2.81 reported by the 
College Board. 

‘Our results have some application to the 
current debate concerning preparation for 
college science. We found, not surprisingly. 


noe classes 


that high-school courses in 
biology, chemistry, and phys- 
ies prepare students for col- 
xe courses in the same field, 
We can also offer some empir- 
ical evidence to inform the 
debate on the reordering of 
ool science cou 


vious study of physics 
later chemistry perform: 
or the previous study o| 
istry and later biology per- 
formance, easts doubt on the 
impact of changing the tradi- 
tional high-school science 
sequence, The two pillars sup= 
porting college science appear 
to be study in the same science 
subject and more advanced 
study of mathematics in high 
school. Of course, this finding applies to 
introductory courses as they are currently 
taught in college, and the door remains open 
to develop and teach college courses that 
could make fuller use of student backgrounds 
built during high schoo! in other science dis- 
ciplines. 
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PALEONTOLOGY 


Variation and Early Evolution 


Gene Hunt 


ariation is often said to be the raw 
\ ] material for evolution. In the absence 
of heritable variation, no. mecha~ 
‘natural selection included: 
within populat 
variation is necessary for evolution is uncon- 
troversial, but scientists have long wondered if 
‘abundant variation might play more active 
role in facilitating or channeling evolutionary 
(1, 2). Any evolutionary influence of 


nism 


evolutionary chang 


during the Early Cambrian (542 to $13 mil- 
Jion years ago), the link between variation and 
evolutionary divergence may have been espe- 
cially strong. 

At roughly the same 
known burst of biological innovation, the 
Cambrian Explosion of animal body plans, 
appears that species may have been unusually 
variable in their morphology. Altho 
triguing, the evidence for this increased 
Cambrian variability has been somewhat equ- 
ivocal. However, on page 499 of this issue, 
Webster (3) presents the results of a novel 
analysis of trilobite variability that puts this 
pattem on much firmer empirical footing. He 
reports that during the heyday of innovation in 
the Cambrian, trilobite species were in fact 
unusually variable, more so than at any other 
time in their history. 

Previous suggestions of elevated Cambrian 
variability involve a variety of taxa, but spe- 
cial emphasis has been placed on trite 
(4, 5), which have by far the richest fossil 
record during this interval, One commonly 
cited example isthe number of body segments 
in the thorax of adult trilobites. Within some 
Cambrian species, this feature is variable, 
\whereas in post-Cambrian trilobites, the num- 
ber of segments is almost always fixed within 
species. and often within higher taxonomic 
fevels such as genera and families (6). As 
interesting asthis exampleis, it applies to only 
fone trait and a small number of trilobite 
species. More convincing evidence for 
‘enhanced variation would require a broader 
and more systematic survey of characters and 
traits, but there are formidable obstacles to 
measuring variation in a meani 


ful way 
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across very different traits and taxa. 
Webster gets around these difficulties by 
cleverly exploiting a large set of expert obse1 
vations already in existence, Since the advent 
of cladistic methods in systematics, specialists 
«generally represent their morphological obser- 


Before and after. (Top) An early Cambrian trilobite 
from an order (Redlichiida) with highly variable 
species. (Bottom) An Ordovician trilobite from an 
‘order (Phacopida) with less variable species. 


Trilobite fossils provide evidence for elevated 
morphological variation during the Cambrian 
Period, 


vations as explicitly defined characters with 
discretely coded character states, For exam- 
ple, a character might reflect the number of 


head. and there would be different chara 
slates corresponding to the presence of one 
ridge, two ridges, and so on. Systematists 
not only record the character state attributed 
to each species in a study but also usually 


indicate for each character which species 
were variable, Such coding of species repre- 
sented by individuals with two or more 
different character states is called “poly- 
morphic” by systematists 

By tracking the preponderance of poly- 
morphic versus invariant characters overtime, 
Webster was able to document a dramatic pat- 
tern: In the early intervals of trilobite evolu- 
tion (the Early and Middle Cambrian), poty- 
morphism was much more common than in 
any subsequent period of trilobite history 
Because the elevated polymorphism was not 
limited to any particular kinds of traits, trilo- 
bite species during these early intervals were 
very likely to have been exceptionally variable 
in their overall morphology. Moreover, this 
period of elevated polymorphism occurs atthe 
same time that trilobites were diversifying 
taxonomically and morphologically, suggest- 
ing to Webster that elevated variation may 
have promoted the radiation of trilobites, 
Although this large data set of observations is 
not a random sample of trilobite lineages or 
trait sitivity analyses suggest 
that whatever its biases, they do not appear to 
change markedly over time. 

This study, in establishing the reality of 
increased Cambrian variability for trilobites, 
implies that evolutionary processes in the dis- 
tant past may have acted differently. or in adif- 
ferent balance than in more recent periods of 
time. The cause or causes for these differences 
likely relate to the proposed explanations for 
the extravagant evolutionary inventiveness of 
this period, These explanations fall into two 
broad categories: genetic and ecological 
(7. 8). The former suggest that Cambrian 
genomes were less constrained, or otherwise 
less apt to generate profoundly novel mor- 
phologies, whereas the latter invoke the rela- 
tive sparseness of early animal ecosystems in 
allowing large evolutionary jumps to become 
successfully established 

As Webster notes. either or both of these 
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explanations may account for the greater vari- 
ability of Cambrian trilobites; more loosely 
‘organized genomes might be expected to pro- 
duce a greater range of morphologies, and less 
occupied adaptive landscapes might be more 
permissive of the broad production of vari- 
ants. Nevertheless, this work highlights the 
‘uniqueness of the early Cambrian interval in 


the evolution of animals and thereby the 
importance of placing broad evolutionary pat- 
tems in a historical and paleontological con 
text. 
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MATERIALS SCIENCE 


Filling a Void 


Stophanie L. Brock 


orous inorganic materi- 
P are widely used as fil 
ters and catalysts 
applications that involve the 
transport of molecules or ions 
toreactive surfivces, Such mate- 
rials include zeolites and meso~ 
porous solids (both of which 
have ordered pore structures), 
‘as well as dried gel structures 
such as aerogels (with a dis- 
ordered pore structure). The 
‘materials vary in the number, 
size, and distribution of pores, 
‘but with few exceptions, they are oxides, This 
chemical exclusivity” has severely limited 
their potential applications. Thus, zeolites effi- 
ciently absorb calcium and magnesium i 
and are therefore effective water-softening 
agents, but they are largely ineffective for 
remediation of heavy metal ions, such as 
mercury orlead. 

‘The problem with oxides is that they prefer 
to form bonds with small metal ions such as 
‘magnesium and zine. Heavy metals are large 
and polarizable and cannot be effectively 
bound by porous oxides. One way to get 
around this problem involves modifying the 
surface of the oxide so that it presents a larger, 
‘more polarizable binding atom, such asa sul- 
fur group, permitting selective adsorption of 
heavy metal ions (1). On page 490 of this 
issue, Bag et al. report another approach (2): 
They usea sol-gel reaction to construct porous 
solids that are analogous to asides but contain 
the heavier chalcogenides (such as sulfides or 
selenides) instead of oxide. The resulting 
chalcogenide aerogels selectively bind heavy 
metals without requiring modification. 

‘A few methods for making porous chaleo- 
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CChalcogel formation and mercury absorption. Bag eto. show that chalcogenido molecular 
ions or clusters such as Sn,Se,* (orange bar) can react with Pt (green sphere) in water to form 
«2 polymeric cross-linked network. This network can absorb up to ~650 mg of mercury per gram 
‘of chalcoget from contaminated solutions. 


genide serogels have previously been reported. 
‘These methods used either thiolysis chemistry, 
in which molecular metal precursors are 
reacted with hydrogen sulfide (3), or the ovida- 
tive condensation of preformed metal chalco- 
xgzenide nanoparticles (4). The method reported 
by Bag et al. promises additional flexibility 
because it starts from molecular ions or small 
clusters of semiconducting metal chalco- 
sgenidesand uses metal ions.as linkers. Both the 
cluster and the metal ion can be varied to adjust 
the properties ofthe resulting material. 

This general approach—the linking of 
chalcogenido clusters with metal ions—has 
been previously used to prepare mesostruc- 
tured chaleogenides (5-8). In these studies, 
surfactants served as templates. organizing the 
metal chalcogenide component around the 
micellar structures, analogous to the synthesis. 
‘of mesoporous aluminosilicate materials (9). 
However. in contrast to mesoporous alumi- 
nosilicates, attempts to remove the surfactant 
by washing or heating resulted in collapse of 
the pore structure. The present surfactant-free 
strategy is simpler, eschewing order com- 
pletely, yet generating stable porous structures. 

Bag ef al. use a metathesis (or pariner- 
switching) reaction between a metal chalco- 
genide salt and tetrachloroplatinate in 
aqueous solution to obtain a solvent-swollen 


Random gel networks formed from 
chalcogenide clusters and metal ions. 
can selectively remove heavy metal ions 
from water. 


chalcogenide polymer; 
Wringing out this 

‘sponge” without 
ipsing the structure 
can be achieved by 
drying from a super- 
enitical solvent, pro- 
ducing an aerogel [a 
term that refers to the 
fuet that the pore 
vent has been replaced 
by air (/0)), 

The chalcogenide 
acrogels prepared by 
Bag et al. have high surface areas and can be 
molded into solid monoliths with densities 
ess than 5% that of a corresponding fully 
dense material, Like any sponge, they are 
highly absorbent, but because they ane come 
posed from polarizable binding groups, they 
are particularly effective sponges for heavy 
‘metal ions. To test this, Bag et al. placed the 
chalcogenide aerogels in a solution consi: 
‘of commonly found (and nontoxic) metal ions 
with low to moderate polarizability, like zine, 
along with rarer (but extremely toxic) highly 
polarizable ions like mercury. The aerog 
preferentially adsorbed the heavy ions, 
removing 99.9% ofthe mercury but just 40% 
of the zine. 

The differences between porous chalco- 
xzenides and oxides also extend to their opto- 
electronic properties. Chalcogenide semicon- 
ductors tend to be more covalent than oxides, 
leading to smaller band gaps (the threshold 
energy for photon absorption) that can be tuned 
from the ultraviolet to the infrared. In contrast, 
most oxide semiconductors absorb in the ultra- 
violet (think of titania, a white paint pigment). 
Thus. the absorption properties of chalco- 
genides are better matched to the solar spe 
‘tum than those of oxides, making them usefull 
for applications such as photocatalysis (71). In 
the present case, the effective band gap of the 
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chaleogels can be varied from 0.2 to 2.0 eV by 
changing the chemical constituents of the 
chalcogenide cluster and metal ion linker (2). 
Whether chalcogenide aerogels will find 
practical applications remains an unanswered 
question, although the few studies on these 
materials have yielded provocative results. In 
audition to the exceptional sorption properties 
noted here (2), these include the ability to tune 
the extent of quantum confinement with den- 
sity (4) and to make bulk monoliths of lumines- 
‘cent quantum dots (/2). It is abundantly clear 


that our ability to apply sol-gel chemistry to 
non-oxides, and metal chalcogenides in partic~ 
lar, is far more general than originally thought. 
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MEDICINE 


The Yin-Yang of Sirtuins 


‘Andrew Dillin and Jeffery W. Kelly 


he gene encoding SIRTI, a sirtin his- 
[ tone deacetylase, is widely recognized 
for its link to aging. SIRT! activity 
increases when conditions favor longevity, 
such as a restricted calorie intake or treatment 
with the polyphenol resveratrol. Furthermore, 
increased SIRT expression or activity delays 
the toxic effects induced by d-synuclein (ct- 
Syn), the protein that forms insoluble aggre 


ology. The study not only identifies SIRT2 asa 
potential new target for Parkinson's disease 
intervention, but also bolsters recent work 
linking age-related cell signaling pathways to 
protein aggregation processes and age-onset 
neurodegenerative diseases (3,4). 

SIRT2 is a cytoplasmic nicotinamide 
adenine dinucleotide (NAD*)-dependent 
deacetylase that is prominently expressed 


Resveratrol Compound AGK2 


Nontoric protein Toxic intermediate 
(monomer?) —> protein (oligomer?) 


ites in several age-onset pathologies includ- 
ing Parkinson's disease (/), Understanding the 
function of the seven mammalian sirtuins 
should enhance our ability to promote healthy 
human aging and to ward off age-onset dis- 
eases by manipulating these proteins pharma- 
cologically. On page $16 of this issue, Outeiro 
and colleagues (2) identify an interesting twist 
related to the family member SIRT2. 
Surprisingly, inhibition, rather than activation, 
of SIRT2 protects against c-Syn-related path- 
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Less toxic high molecular 
weight species 


in the brain. Outeiro ef al. discovered that 
reducing SIRT2 expression by RNA inter- 
ference, or reducing its activity with small- 
molecule inhibitors, protects against c-Syn 

induced toxicity in three different paradigms: 
transfected human H4 neuroglioma cells 
expressing wild-type a-Syn: transfected rat 
midbrain primary neuronal cells expressing a 
variant of c-Syn that exhibits increased pro- 
teotoxicity: and a fly model (Drosophila 
‘melanogaster) of Parkinson's disease. Results 
from the latter two models are particularly 
exciting because they show diminished neu- 
ronal loss in response to reduced SIRT2 activ~ 
ity. The extent of rescue from ct-Syn toxicity in 
Hi4 cells is comparable to that observed when 
the cytoplasmic chaperone protein Hsp70 


Two related proteins protect cells from 
age-associated neurodegenerative disease, 
but one needs to be activated whereas the 
‘other must be inhibited, 


(which assists in protein folding and monitors 
aggregation) is overexpressed, 

How does inactivation of SIRT2 result in a 
protective effect similar to that seen with a 
tion of SIRT? The possibility that SIRT? inhi- 
bition simply activates SIRT! function appears 
to be ruled out by data presented by Outeiro 
cer al. Another explanation is that SIRT! and 
SIRT2 may have the same molecular tanget, but 
have opposing effeetson its activity (see the f 
ure), Alternatively, SIRT and SIRT2 may fun 


Unity of opposites, Activation of SIRTA and inhibi- 
tion of SIRTZ have the same outcome—to block pro- 
teotoxiity associated with age-related neurodegen- 
erative diseases. Compounds that act on these siftu- 
ins are therapeutic candidates, Question marks indi- 
‘ate which mechanisms of action are unknown. 


tion within independent and opposing sign 
pathways to promote cell survival under condi 
tions of proteotoic stress, We know that SIRT2 
inhibition as.a means of ameliorating proteotox- 
icity is atleast partially mechanistically distinet 
from that of SIRT! activators in worm and 
mouse models of Huntington's disease (5). Only 
the latter depends on the transcription factor 
daf-16/FOXO. Perturbing cellular signaling 
pathways that involve daf-16 protects against 
proteotaxicity in worm models of Alzheimer's 
and Huntington's diseases (3, 4). Howeve 
Drosophila models of Huntington's disease 
suggest a SIRT2-dependent pathway, based on 
histone deacetylase inhibitors that arest pro- 
gressive neuronal degeneration and reduce 
lethality (6). Thus, the “yin-yang” nature of act 
‘ating or inhibiting these sirtins to achieve the 
same effect isnot clear, 

It is intriguing that the small molecule 
inhibitors of SIRT2 identified by Outeiro et a, 
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result in accumulation of larger c-Syn agere- 
‘gates. This result is consistent with recent data 
‘on other proteotaxivity disease models wherein 
large protein aggregates appear to be protec: 
tive, whereas smaller aggregates correlate with 
toxicity (4, 7). Thus. modulation of SIRT2 
activity may reveal the toxie intermediate(s) in 
several protein homeostasis-related maladies. 
What isthe mechanism by which inhibition 
of SIRT2 protects against c-Syn-mediated 
toxicity? SIRT2 colocalizes with the micro- 
tubule cytoskeleton and primarily deacetylates 
lysine-40 of ct-tubulin (8), but itis not so clear 
how this relates to its protective effect. Other 
possible cellular roles of SIRT2 may be 
accountable, For example, histone deacetyl- 
uses are required for a process associated with 
autophagy—a cellular self-digestion mecha- 
‘nism—that involves the recruitment of lyso- 
somes to cytoplasmic inclusion bodies (which 
contain aggregated proteins) located in micro- 
tubule omganizing regions. This process, which 
is observed in Huntington's and Parkinson's 


diseases (9). may involve SIRT2. Previous 
‘work also implicatestranscription factors (p53 
and FOXO) and histones (H3 and H4) as sir- 
twin-regulated targets, indicating that SIRT2 
could block the expression of genes that pro- 
‘mote protection against proteotoxicity. SIRT2 
may also regulate programmed cell death; 
antiapoptotic effects are observed when cells 
either express less SIRT2 or are treated with 
nicotinamide, asirtuin inhibitor (/0, 11). 
Aging appears to be the prominent and uni- 
fing risk factor in almost all neuredegenerative 
diseases. Although the function of sirtuins in 
‘neuronal protection has been studied in worms, 
fies, and rodents, their role in protecting neu- 
ronsin patients with neuredegenerative diseases 
remains largely uncharted. Nonetheless, sirtu- 
ins are promising pharmacological targets to 
delay and treat human age-related diseases, 
‘wing to signaling pathways shared with lower 
‘organisms. The recent discovery of many small- 
molecule sirtuin regulators, particularly SIRT2 
inhibitors (/2), 1s especially encouraging. 


Rapidly emerging data from basic and clinical 
studies of sinuins and their small-molecule reg- 
Ulators leave optimists with the feeling that new 
drugs influencing the signaling pathways asso- 
ciated with aging and protein homeostasis could 
becomea reality in the foreseeable future, 
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CHEMISTRY 


A Counterion Strategy 


Jérome Lacour and David Linder 


nions and cations (negatively and 
Aris charged atoms or mole- 

les, respectively) play important 
roles in chemical reactions as reagents. 
intermediates, and products. They can be 
chiral molecules, with two non-identical 
mirror images called enantiomers (J). On 
page 496 of this issue, Hamilton ef al, show 
how a chiral anion ean help to produce a chi- 
al reaction product consisting almost exelu- 
sively of one enantiomer (2), This result is 
important given the increasing demand from 
I. and pharmaceuti- 


enantiomer) molecules. 
In solution, ions and their oppositely 
charged counterions tend to form ion pairs 


(3). Depending on the solvent, the eations and 
anions within ion pairs may be separated from. 
h other by solvent molecules or may be 
close together, allowing one partner ion to 
influence or even control the environment of 
the other. The latter situation is, however, rare 
in solution and, prior to the work by Hamilton 
cetal., had not been observed in homogenous 
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‘Anew way has been found to control the 
“handedness” of products formed in 
metal-catalyzed reactions. 


Ligand- versus counterion-mediated enantioselective metal catalysis. Traditionally, product chirality i 
‘controlled through the use of enantiopure ligands (.) that are directly bound tothe metal ton (M+)-substrate 
(5) complex (left. Inthe report of Hamilton et al. (right), the source of control is an anionic counterion 2”, 
itis not directly attached tothe metal, bt rather controls the selectivity from “afar.” 


‘metal-catalyzed reactions. 

‘When chiral ions are combined with enan- 
tiopure counterions, two different ion pairs 
can form, which—through the influence of 
the counterion—can possess rather different 
chemical and physical properties. [fone of the 
pairs is energetically more stable than the 
other, it is formed preferentially (4). This 
‘unbalance has been exploited in the past t0 
achieve high level of asymmetric recognition 
‘between chiral cations and anions, leading to 
efficient processes of resolution, asymmetry 
induction, and synthesis 

However, in the field of catalysis, fora 


Jong time only cationic counterions—and not 
anionic ones—were able to control the out- 
come of reactions and to help produce chiral 
products as single enantiomers (6). This has 
changed recently with several independent 
reports in the field of enantioselective or- 
ganocatalysis (a type of catalysis that uses 
only organic molecules as catalysts). For 
example, Leitner and co-workers have used a 
ssltcontaining an enantiopure borate anion as 
the solvent in an aiza-Baylis-Hillman reae- 
tion: the resulting product consisted mostly of 
‘one enantiomer, with an ee (enantiomeric 
excess) of up to 84% (7). Listand Mayer have 
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shown that a phosphate anion of type 1 (the 
same as that used by Hamilton e¢ al.; see the 
figure) can modulate the enantioselective 
transfer hydrogenation of ,B-unsaturated 
aldehydes, with an ee of up t0 98% (8). 

However, no chinal-anion-mediated metal 
catalysis with high enantioselectivity was 
reported, despite the fact that transition 
metal-based systems are usually cationic. 
Most researchers considering the strategy of a 
metal center surrounded directly by one or 
more bound enantiopure | 
cient (see the figure, left panel); the use of 
chiral anionic counterions residing inthe sec- 
‘ond coordination sphere of the metal ion (see 
the figure, right panel) was deemed less 
tive and predictable, 

‘An opportunity arose in the burgeoning 
area of homogenous gold eatalysis (9, 10). 
Many reactions— including intramolecular 
nucleophilic additions of alcohols. tosy- 
Jamines, and carboxylic acids to allenic frag 
ments—are effectively promoted by catalytic 
amounts of Au(1) ions and phosphine ligands 
(L), However, highly stereoselective re: 
tions with broad substrate scope have been 
hard to achieve with the traditional chiral lig- 

ion strategy (1). 
izing on their recent observation 


that some Au(I}-catalyzed reactions are sen- 
sitive to the nature of the anionic counterion 
(11), Hamilton et al. hypothesized that an 
enantiopure counterion of type 1 could be 
the key to an effective asymmetric transfor- 
mation of these reactions. Using this 
approach, they achieved very high level of 
stereoinduction (ce up to 996). The protocol 
can be used for various allenic alcohols and 
tosylamines. In the case of substrates that 
lack sterically demanding substituents and 
for which high enantioselectivity is there- 
fore difficult to achieve, the chiral anion 
strategy remains efficient (ce 80%); when a 
chiral phosphine ligand acts in synergy with 
the anionic counterion, a higher proportion 
‘ofthe major enantiomer is produced (ce 92%. 

Hamilton et al. show that this dual approach 
‘of combining chiral ids and anionic 
‘counterions is also effective in the hydroxy- 
carboxylation of allenes, for which the use 
of either chiral ligands or chiral anions alone 
fails to succeed. 

The work of Hamilton et al. may open a 
new chapter in asymmetric homogenous 
metal catalysis. There is much to gain from 
this modular and supramolecular approach, 
because it may, in some cases, be sufficient to 
exchange traditional achiral anionic counter- 
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ions for chiral versions at the last step of the 
catalyst preparation. However, it remains to 
bbe seen how broadly applicable this approach 
will be. Deep understanding of the mecha- 
rnisms at play in chiral ion pairing situations 
‘may prove to be necessary, possibly requiring 
the use of modern nuclear magnetic reso- 
nance techniques and computational studies 
12,13). 
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MICROBIOLOGY 


Necessary Noise 


Jerome T. Mettetal and Alexander van Oudenaarden 


re simply a product of genetic and envi 
ronmental conditions, and all differences 
between individual cells can be attributed to 
‘one or both of these factors, Recent work, how- 
ever, suggests that when grown in the same 
environment, cells from genetically identical 
populations can exhibit very different behay- 
iors. Even simple attributes, suchasthe number 
of proteins produced from a constitutively 
expressed gene, can vary greatly from cell to 
cell. In other cases, individual cells will make 
vastly different phenotypic choices seemingly 
atrandom (J), Why some cells remain in one 
phenotypic state whereas others switch to.adit- 
ferent one, and what the molecular processes 
are that cause cells to “play dice” when deter- 
‘mining their fate, remain open questions. 


I the classic view of cellular biology, cells 
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On page 526 in this issue, Maamar et al. 
(5) tackle these questions using the soil bac- 
terium Bacillus subtilis. They find that the 
random nature of the phenotypic choice made 
by these bacteria to remain vegetative (dor- 
‘mant) or become “competent” (able to take up 
DNA from the environment) can be traced 
to variable expression of a single protein, 
Although many organisms exhibit phenotypic 
variability driven by stochastic gene expres- 
sion, the B. subtilis system is of particular 
interest because variation (“noise”) in protein 
expression is thought to play a key role in the 
natural behavior of a population. 

Under certain conditions, only some bacte- 
rig exit a vegetative state and become com- 
petent. The key protein orchestrating this 
process, ComK, also spurs its own expression 
by acting asa transcription factor. This auto- 
regulatory positive-feedback loop enables 
cells to stably reside at either a low or 2 high 
level of ComK expression, corresponding to 


The randomness of a switch between two 
alternative bacterial states has been traced to 
the variable expression of a single protein, 


‘Vegetative and competent states respective 
In the vegetative state, cells have too few 
ComK. proteins to activate further eomK gene 
expression, ensuring that the concentration of 
this protein remains low. By contrast, in the 
competent state, Com is produced in large 
quantities, ensuring that the gene remains 
highly expressed. Further. there is a eritical 
‘quantity of ComK that separates the two states: 
cells with a ComK protein concentration 
above this threshold will become competent 
(see the figure). It is thought that in vegetative 
cells, rare fluctuations in protein concentra- 
tions can cause cells to cross this threshold. 

To determine the source of the fluctuations 
that drive this transition, Maamar ef al., use a 
fluorescent probe that binds to messenger 
RNA (mRNA) in situ to measure individual 
mRNAs produced from the endogenous 
comK gene and from a synthetic gene with an 
identical upstream promoter region, By meas- 
uring correlations in mRNA expression, they 
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Source of noise 


DNA ‘Comk gene 
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Wo. oa 


‘Vegetative Competent 


Number of cells 


‘Number of ComK proteins 


Randomly flipping a cell-ate switch. A population of bacteria can express variable amounts of Comk protein, 
‘Only cells that express greater than a threshold concentration of Comk become competent. Cell-t-cel variation in 
Com protein expression ("noise") arises from variations in com mRNA concentration across the cel population. 


find that noise in ComK protein expression 
comes mainly from random production and/or 
degradation of eomK mRNA. rather than from 
external factors (such as variability in ribo= 
some numbers from cell to cell). 

To demonstrate that noise in comK gene 
expression is the key factor causing cells to 
transition to competence, Maamar eral. mod- 
ifed a strain (which has an increased basal 
comK mRNA production) by decreasing the 
rate of translation initiation, This reduces noise 
(6) while keeping the average comK protein 
concentration fixed, In the modified strain, 
low noise levels caused cells to transition into 
the competent state less frequently than wild- 
type cells. In other words, the reduced-noise 


strain produces more mRNA, but less protein 
from each mRNA. This reduces the amount of 
\ariability in mRNA expression levels, and 
thus variability in protein concentration. 

In.a complementary study Siel et al. (7) 
create a strain in which bacteria cannot com- 
plete cell division, causing multiple cells to 
share cytoplasm. In this strain, cell-to-cell 
variability is reduced because connected cells 
share proteins, averaging away differences in 
protein concentrations between cells. Like 
Maamar et al, they find that a decrease in 
ry leads to a decrease in 
transitions to the competent state 

Maamar eal. and Sie etal. provide a com- 
prehensive microscopic view of how stochastic 


fluctuations in gene expression can cause cells 
to change their phenotype. An even clearer pic 
ture of such cell decision-making might be 
attained by coupling real-time measurements of 
mRNA and protein concentrations (8, 9) with 
switching events in single living cells. There 
remains the nagging question of why the popu 
lation only allows a fraction of its cells to 
become competent. By splitting the population 
into two phenotypes, B. subrilis may use natu 
rally occurring noise to increase population 
diversity and enhance survival in the face of 
environmental uncertainty (/0-12). It is possi 

‘ble that evolution has been using a strategy of 
modifying transcription and translation rates to 
fine-tune the noise evels(5, 6)of'key genes that 
underlie phenotypic diversity ina population, 
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ECONOMICS 


Spying on Others 


Manfred Milinski and Betti 


‘hen reputation is at stake, animals 
'$ well as humans switch from 
elfish to altruistic behavior, 


because only the latter is socially rewarded 
(/, 2). But how do they assess whether their 
actions are observed’? Recent investigations 
into human behavior have shown that subtle 
cues of being watched such as two stylized 
eye-like shapes on a computer sereen back- 
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Evolves 


ground suffice to change behavior (3). A 
picture showing a pair of eyes attached toa 
cafeteria collection box significantly raises 
the donated amount compared to a flower 
symbol: in fact. the eyes were most effective 
when looking directly at the observer (4), 

Although just ink on paper, these ey 
shaped cues seem to elicit unconse 
hard-wired reactions. Indeed. electrophysi 
logical responses recorded from the scalp of 
normal subjects showed responses to is 
lated eyes that are even larger than the 
responses to full faces (5). Brain imaging 
studies in humans have also highlighted a 
role for the superior temporal sulcus (STS) 


Watehful eyes induce altruistic behavior and an 
"arms race” of signals between observers and 
the observed, 


ain gaze processing: the STS is 
likely to be essential for recognizing the 
eyes, head, and body as stimuli used in social 
communication, whereas the amygdala is 
likely to be essential for attaching social and 
emotional significance to these stimuli (6), 
Interestingly, even birds respond strongly to 
eye-like shapes, especially when two eyes 
are staring at them (7). 

‘What is the benefit of watching some- 
‘one? Spying on others seems widespread 
in animals and humans (8). By snooping 
‘on one another's social life, animals and 
humans can work out how to behave when 
they meet in the future, Recent experiments 
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showed that even fish gain 
sophisticated information from 
members of the 
same species (9). Some fish 
can infer the social rank of 
others by observation alone 
and use this information to 
their own adv 
encounters (10). So it comes 
as no surprise that both humans 
and animals try to deceive 
observers by behaving as they 
want to be seen by others to 


watehin 


secure future 
For example, the cleaning 


wrasse fish grooms its client 
fish in the friendliest way 
ih, but 
without an audience it prefers 


When other clients w 


to bite off pieces of its cl 
skin (/7), Ina dictator ga 
experiment, only one pla 


me 


(the dictator) is endowed with 
money and may share it with 

second player. Although un- 
identifiable human 
share almost nothing (/2), 
face-to-face identification in- 


creases the share rate to 50 
(13). Consequently, in order 
to gain accurate information, 


observers should avoid being 
recognized: Indeed, some soc- 
ial birds have eyes concealed 
in dark areas or stripes, ensur- 
ing that the observed individual cannot 
detect being the target (/4), 

This is where humans differ from most 
animals, We have large white sclera on either 
side of the dark central iris when looking 
directly atthe observer, This seems to be an 
honest signal of where we watch (6). Ob- 
viously there has been a net selective ad- 
vantage of signaling the direction of our gaze 
in social interactions. However, having such 
ceyes should be disadvantageous when trying 


to observe others’ “unobserved” bel 
because we should take into account that the 
‘observed person turns altruistic as soon as our 
observing gaze is recognized 


‘Can we escape being watched? When- 
ever a person can be recognized by any cue, 
bad conduct may incur costs. Instead of 
behaving altruistically. people sometimes 
avoid having to justify their behavior 
by masking their faces, for example, at a 
masked ball, when robbing a bank. 
Interestingly. the usual way to remove the 
identity of people on photos is to cover their 
eyes by a black stripe. Visual cues of faces 
seem to be of prime importance. Thus, either 
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‘Are you being naughty or nice? Totem poles put up in villages in North America 
‘several hundred years ago standing vigilant at attention, with ever-watchtul eyes. 
Unlike natural goats, the stylized goat has “human eyes” with white sclera stressing 
the direction of his gaze. 


m 


sking such cues or paying atte 
being watched may be socially selected. 
Thus, a new dimension arises when 
issues of reputation are present in hum: 
social dilemmas. An “arms race™ of hiding 
signals between observers and observed 
may result: Observer Alice should take into 


conceal her watching: Bob should be very 
alert to faint signals of being watched by 
Alice, but he should avoid any sign of 
having recognized Alice’s watching when 
switching from selfish to altruistic behavior. 
He should avoid turning his gaze in the 
direction of the recognized observer. On the 
other hand, as soon as Alice sees that Bob 
has recognized that he is being observed. she 
should eventually not reward the observed 
altruistic behavior. 

An arms race between observing and 
being observed has implications for the 
large body of recent research on human 
altruism. Observed altruistic behavior may 


often be less the expression of a personal 
trait than an optimal response to the faint 
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¢ of being observed 
Would altruism then function as 
a potential deceit? For example, 
what we expect for the efficient 
teraction between reputation 
and costly punishment in social 
dilemmas—where individual and 
social interests are at odds 

might depend on the recognized 
state of the signaling arms race 
(5), When cues revealing that 
the observed person has discov- 
ered the observation are indeed 
so subtle that altruism is a 
the positive 


successful dee 
effects of reputa 
expected to be present to i much 
greater extent. However, when 
the observer can cor 


on can be 


not at stake and thus will not 


induce altruism, 
Does the observer thus really 
want to see “unobserved” behav- 
ior? Yes, but only if the social 
partner interacts with the observer 


mostly anonymously and. she 
profits from seeing his “normal 

behavior and reacts acordingly 
Otherwise she should try her best 
to generate the impression that 
her social partners always feel 
observed so that their “normal” 
behavior is altruistic, Perhaps 
thisis achieved in some societies 
by the ever-present watchful eyes of totem 
poles (see the figure) or a god that “sees 
through everything.” Even actors on bill- 
boards, a modern form of ink on pape 
unconscious social reactions in our 
and thus influence our behavior. 


amyg 
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PHYSICS 


Pierre-Gilles de Gennes (1932-2007) 


Armand Ajdari 


escribed as the “Istae Newton of our 
D by the Royal Swedish Academy 
the citation for his Nobel Prize in 

Physics in 1991, Pierre-Gilles de Gennes died 
‘on 18 May 2007 at the age of 74. Beyond the 
wurer and the advocate of sci- 
and. scientific research cherished by 
media and students, Pierre-Gilles de Gennes 
‘was above all one of the greatest physicists of 
the 20th century, The depth and breadth of his 
scientific achievements are exceptional. Inthe 
last year of his life, de Gennes published arti- 
cles in five different areas, from the motion of 
dislocations in the quantum regime to the stor- 


age of olfactory information in the brain 
De Gennes was bom in 1932 toa fami 
medi 


I doctors. He began his academic 
at the Ecole Normale Supérieure in 
Paris, followed by 4 years at the Commissariat 
4 1"Energie Atomique in Saclay, In his early 
work, he focused on magnetism, studying the 
scattering of neutrons in metallic mat 
close 10 magnetic transitions, as well as ques- 
tions regarding spin waves and rare earths. A 
postdoctoral stay at Berkeley in the group of 
Charles Kittel followed, before a 2-year stint 
in the French Navy. 

Moving to Orsay in 1961, de Gennes 
founded an experimental and theoretical 
effort on superconductors. His work led to 
important insights into surface superconduc- 
tivity and into superconductivity without band- 
‘gap. Around 1968, de Gennes began to revisit 
the field of liquid crystals, drawing fruitful 
formal analogies with superconductors. His 
insights had a substantial impact on the physi- 
cal understanding of these materials, which 
now play an important part in many technolo- 
ities such as liquid crystal displays. 

In 1971, de Gennes was appointed profes- 
sor at the College de France. He then shified 
his interest to polymers and to other topics 
previously categorized as chemistry. Drawing 


‘on his creativity, his genius at simplifying 
problems, and his ability to establish connec- 
tions with sophisticated formal theories of 
statistical physics, he demonstrated the 
power of physics in dealing with these sys- 
tems, This field is today called soft con- 


The author is at ESPCI, 10 rue Vauquelin, 75005 Pats, 
France, and at Saint-Gobain, Les Mivcits, 18 av. d’Asace, 
92096 La Détense Cede, France. Email armand.ajdani@ 
saint-gobain.com 
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densed-matter physics. As he had done previ- 


in Strasbos 
lidate his predictions. 

One of his remarkable achievements in 
that period is the “n= 0" theorem, a formal 
equivalence between the description of mag. 
netic phase transitions and the si 
physics of very long polymer chains. in the 
exotic limit where the number of components, 
‘of the magnetization vectors is zero, He also 
introduced simple tools to explain the proper- 
ties of polymers without complex 
computations. The best known is the 
concept of the “blob” to represent a 
subsection of a polymer chain short 
‘enough to be only weakly affected by 
external perturbations. This concept 
proved highly useful for describing, 
for example, semi-dilute polymer 
solutions and chains confined or in 
flows. De Gennes moreover invented 
the theory of reptation, which de- 
scribes the complex dynamics of an 
entangled set of polymer chains 


iste: 


through the much simpler represen 
tion of a single chain reptating in the 
tube” in which it is encaged by the 


other chains. This theory forms the 
basis of our current understanding of how 
molten plastics and polymer solutions flow. 
Inthe 1980s and 1990s, de Gennes contin- 

ed to study polymers, but also turned his 
attention to new topics, such as wetting, adhe- 
sion, fracture, friction, and granular materials. 
When he moved to the Institut Curie in 200: 
he began to study biological problems, includ- 
ing cellular adhesion, brain function, and 
chemotaxis of bacteria 

De Gennes often reported his results in 
short letters that combined simplicity, ele- 
ance, and deep insight. These qualities also 
characterize his major textbooks on supercon- 
ductors, liquid crystals, and polymers. 

Throughout his career, de Gennes was 
interested in the potential applications of his 
insights. Many of his results have led to 
industrial or biomedical innovations impact- 
ing our lives, such as improved polymer 
processes in the plastics industry and the use 
of DNA gel electrophoresis for genomic 
studies. De Gennes always maintained links 
\ith industrial companies, which provided 


Pierre-Gilles de Gennes, one of the greatest 
physicists of the 20th century, extended the field 
‘of condensed-matter physics toward chemistry, 
biology, and engineering sciences, 


stimulus for his own research (triggering. 
for example, his interest in aquaplaning 
enhanced oil recovery. and emulsio 
return, he contributed fo the transfer of know- 
ledge from academia to the industrial world, 

De Gennes possessed remarkable pedagog- 
ical talents. His weekly lectures at the College 
de France were beautiful and attracted both sei- 
centists and nonspecialists, He also devoted 
much energy to modifying and developing 
the Evole Supérieure de Physique et Chimie 
Industrielles (ESPCD), a Parisian Grande Ecole 
for the training of engineers, which he headed 


1m 1976 to 2002. In particular, he introduced 
two practices for students traditionally rare in 
the French system: interactions with faculty or 
researchers in small groups, and an emp! 
‘on laboratory experiments. De Gennes was an 
active herald of scientific research, advocating 
<a observation of nature and hard work as 
ath to better understanding. He engaged in 
ag “Tour de France” of talks in high 
schools (more than 150 in the 2 years that 
Jowed his Nobel Prize), made frequent appear- 
ces in the media, and was much appreciated 
by the public forhis charming and origin! per- 
sonality and his graceful explanations of com- 
plex phenomena in simple terms. 

Above all, his collaborators will remember 
de Gennes's permanent intellectual appetite 
implacable professionalism, and taste for life 
All these were served by a unique personal 
and elegance, displayed in his gestures, in his, 
papers and books, in his lectures, in his draw- 
ings, and in his way of relating simply and 
iently to people. Un grand monsieur, 

1O.1126cene. 1146688 
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AAAS NEWS & NOTES 
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SCIENCE POLICY 


AAAS Expands Vital Science 
Outreach Efforts on Capitol Hill 


With issues such as stem cell research, climate 
change, and alternative fuels inereasingly promi 
nent —and urgent--on the U.S. policy agenda, 
AAAS has moved to expand and strengthen its 
role as a source of authorita- 

tive seientifie insight for 
members of Congress and 
their stalls, 

This year, AAAS CEO 
Alan 1, Leshner testified 
twice before Congress on the 
need for a balanced approach 
to federal research and devel- 
ding. AAAS also 
ed in on stem cell and 
Jucation bills with 
letiers to the US. House of 
Representatives and the Sen- 
ate, urging the expansion of 
ly funded embryonic 
stem cell research and supporting nation 
«dards for math and science education. 

The AAAS Board issued a statement just 
before a House committee heating this spring 
ning of the diminishing U.S. capacity to 


stan 


ise observation of the 
Earth. In June, AAAS's Center for Science, 
Technology and Congress released two briefs 


‘on the policy pros and cons of biofuels and 
coal-to-liquid fuel technology as both houses 
‘of Congress consider complex, far-reaching 
energy bills 

AAAS's constructive relationship with 
Washington, D.C.. policy-makers has along his 
lory. ts Science & Technology Policy Fellow- 


inary tae stayed in the policy ean. The R&D 
Budget and Policy Program is regarded as the 
gold standard of analysis related to federal fund 
ing for science and technology. The 3-year-old 
Center for Science, Technology and Secu 
Policy regularly holds briefings for congres- 
staff, with subjects this year ranging from 
food supplies to the Reliable 
Warhead program. 

“enter for Seienee, Technology and 
‘Congress has served asa crucial liaison between 
the sc -ommunity and Congress for over 
decade. In recent months, it has been critical in 


AAAS’ effort to expand e: 
ected lawmakers on Capitol Hill 

‘The repeat invitations to testify before Con- 
gress are one indicator of how the Hill has 
come to rely on AAAS's 
work. “The way Congress 
works, they need witne 


period of time.” said Joanne 
Padron Carney, director of 
the Center for Science, 
Technology and Congress. 

Gary Kline, a veteran 
legislative staffer now work- 
ing for Rep. Brian Bilbray 
(R-Calif.), praised AAAS'S 
reliability. “One of the 
things I really love about AAAS is that 
‘one-stop society, someplace where I can go to 
find nonbiased information and experts if 1 
need to talk with someone,” he said. 
very easy to work with and they do a gr 
(on their briefings.” 

The Center launched an ontine legislative 
tracker in February to keep up with Congress's 
work in progress, and recently unveiled a com 
prchensive chart of the eight different climate 
change bills working their way through the 
House and Senate 

The Center itself has doubled in size in the 
past 2 years, adding senior program associates 
Erin Heath, who specializes in life sciences pol- 
icy: Kasey White, who focuses on climate 
change and environmental science: and program 
assistant Lina Karaoglanova, who also works 
With climate issues. White edits the Center's 
monthly newsletter, Science and Technology in 
Congress, which reaches over 1000 Hill staffers, 
federal agency officials, and lobbyists. 

The newsletter analy zeshigh-profile topics in 
‘Congress such as science education, innovation 
and economic competitiveness, export controls, 
and visa regulations. Such issues “affect the con- 
duct of science asa whole” and make them prime 
targets for AAAS's work, White said, 


Albert H. Teich, director of AAAS Science & 


Policy Programs, “but i's never before had the 

kind of influence it does today.” 
For more information about the Center for 

Science, Technology and Congress, and for 

‘access t0 its briefings and other resources, see 

wvewaaasony peste 

—Becky Hom 


INTERNATIONAL 
Brazilian Scientist Sees 
Hope, Hype in Ethanol 


A workd thirsty for new energy sources should be 
cautious about ethanol “hype because the tech- 
nology to efficiently produce large amounts of 
the fuel may bea decade or more away, influen- 
tial Brazilian scientist José 
Goldemberg said at AAAS, 

Goldemberg, physicist 
and former secretary of state 
for Science and Technology in 
Bravil, said in a 27 June lee: 
tue that the United Statesand 
‘other nations have suitable 
croplands to support ethanol 
production. The Brian program, stared in the 
1970s, derives fuel from sugareane and has cut 
the nation’s gasoline consumption by 40° 

But Goldembens warned that any substantial 
boost in global ethanol production will require 
improvements in current technolog 
more efficient distilleries, as well as b 
throughs in converting cellulose molecules in 
\wood and other biomass into fuel. Researchers 


José Goldemberg 


are looking to genetically modify cellulose so it 


can be more easily broken down, he said, and 
also are trying to genetically engineer 
microorganisms to do the job. 

During his visit to Washington, Goklemberg 
also spoke at a 25 June Capitol Hill briefing 
about his nation’s small nuclear enengy prow 
In 1991, he said, he was able to convince Fer- 
nando Collor de Mello Brazil’ first elected 
‘president in more than 25 years toabandon ini- 
tial steps toward developing nuclear weapons. 

Goldemberg, now at the University of Sao. 
Paulo, also has served in Brazil as interim secre- 
tary of the Environment; minister of Education: 
and president of the Brazilian Association forthe 
Advancement of Science. 

His ethanol seminar was cosponsored by 
AAAS and the Washington Science Policy 
Alliance. The Capitol Hill briefing was arranged 
by AAASS Center for Science, Technology and 
Security Pol 
—Earl Lane and Benjamin Somers 
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Search Technologies for the Internet 


‘Monika Henzinger 


‘About 20% of the world’s population uses the Web, and a large majority thereof uses Web search 
‘engines to find information. As a result, many Web researchers are devoting much effort to 
‘improving the speed and capability of search technology. 


ieb search engine consists of two parts 
A ‘offline part that gathers Web pages 
nd builds an internal representation of 
them called an (inverted) index, and an online part 
that serves user requests by finding all matching 
documents and ordering or ranking them withthe 
xoal of presenting the most relevant documents 
‘on top (Fig. 1). To this day, index comprchen- 
siveness and good result ranking are the main 
challenges feed by Web search engines and are 
the areas in which Web search engines are com- 
Peting most fierely. This article describes these 
‘challenges and some solutions, concentrating on 
the information retrieval aspects of Web search- 
ing, Itdoes not discuss the questions arising in the 
design of the inffastructure needed 10 support 
ngines [see. ¢.8. (2), 
search engines became avail- 
ms ago. They indexed tens of 
millions of Web pages and served hundreds of 
thousands of searches per day. These seemed 
like large numbers at the time, but since then, 
Web scarch engines have had to inerease their 
capacity enormously. Currently, they are index 
ing tens of billions of Web pages and serving 
hundreds of millions of Web searches per day 
In addition, the quality of the search results has 
improved noticeably, The first Web search 
‘engines used text-only ranking algorithms that 
hhad been developed in the field of information 
retrieval during the preceding 30. years. How- 
‘ever, these techniques were designed for searching 
document collections of wellwritien, homoge- 
neous aitices, such as newspaper archives, that 
are mostly searched by librarians and other 
search specialists. In this setting, the eomprehen- 
siveness of the results is as important as 
re On the Web, the pages are heteroge 
neous and of varying quality, and the majority of 
searches are performed by novices. The user 
looks frequently only at the top 10 results (3). 
Thus, for many queries, the relevance of the top 
results is more important than the comprehen- 
siveness of the result set. Because the text-only 
techniques employed by the first search engines 
were not designed fo this setting, the quality of 
the results was frequently poor. 
‘A substantial improvement in the quality of 
Web search results was possible through the 


Google Switzerland and Ecole Polytechnique Fédérale de 
Lausanne, 1015 Lausanne, Switettand. E-mail: moni. 
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analysis of the hyperlink structure of the Web 
(4. 5) Hyperlinks ane navigation clements in Web 
paves. When clicked on, a hyperlink loads into the 
browser window a different part of the cument 
Web page or a different Web page. Hyperlinks in 
Web pages serve a similar purpose as do 
references in scientific aticles, In 1985, Garfickt 
showed that an analysis of the structure of 


Fig. 1. Steps of a query. The filter can be, for example, a filter 


for inappropriate content or a language filter. 


references can determine the importance of scien- 
tific atickes and journals (6), A similar analysis of| 
the hyperlink structure of the Web gives an 
estimate for the quality of Web pages. This 
analysis Kea to a query-independent estimate of 
‘pave quality. To deploy it ina ranking algorithm, it 
needs to be combined with query specific signals, 
such as the frequency of the query terms on the 
Web page. Google was the fist commercial Web 
search engine to use tis kind of hypertink analysis 
in its ranking through its PageRank measure (4). 
Mathematically speaking. the PageRank vector 
contains one entry per Web page and is the 
Eigenvector of a matrix derived from the hyper- 


link structure of the Web. Ifthe matrix is seen as a 
linear transformation of vectors, then the Eigen- 
vectors the vector whose direction is not changed 
by the transformation, Thus the PageRank vector 
‘can be viewed as an inherent property of the whole 
Web structure, Informally speaking, hyperlinks are 
interpreted as recommendations, and PageRank 
tries to measure how highly recommended a pase 
is. If many hyperlinks point to a page, its 
PageRank is lange. If the pages containing these 
hyperlinks have high PageRank themselves, that 
is, are highly recommended, then the PageRank of 
the page increases even further, 

Even though comprehensiveness and. result 
quality of Web search engines have progressed 
steadily, there is still much room for improvement, 
Search engines cannot index all Web pages but 
‘only the pages that are publicly available snl 
accessible without further “fomfilling” actions, 
like filing in text inboxes or 
checking butions on Web pages 
By definition, Web pues that are 
not publicly available are-not 
supposed 10 be available 10 the 
general public, For filling, how- 
‘ever, creates. a challenge. 
quently, forms ae the only way 
to access large amounts of in- 
formation stored in online data- 
bases. It is conjectured that this 
information constitutes a large 
faction of the “deep Web,” which 
isthe name given tothe part of the 
Web that is not indexed by pop 
tlar search engines (7), 

There are many challenges 
that make ranking dificult, Some 
‘ofthe most important are () Many 
queries are short and underspeci- 
fice ii) Synonyms and hom 
niyms make it uilficult to decide 
whether a page is relevant 10 
‘query ee not, This lassie problem 
of information retrieval is exager- 
baad on the Web by homonyms 
between languages. (ii) Ranking 
the most authoritative results fist 
is made harder by authors who 
specifically design their Web 
pages so as to place them high 
for certain, mostly commercial searches. This is 
called search engine spam (not to be confiasel with 
<email spam) (iy) Users ask for additional festunes, 
such as filers for inappropriate content 

Here, I report on some of the ongoing re- 
search to address the above questions. [use the 
term “Search engine” to denote a commercial 
Web search engine and the tenns "Web page” or 
“page” to denote a document publicly accessible 
on the World Wide Web, 


Comprehensiveness 
‘The goal of search engines is to find the most 
relevant documents for user queries. Because of 
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the great variety in information needs, search 
‘engines must be very comprehensive. One way 
to achieve this is by indexing as many Web 
pages as possible. However, the larger the index, 
the higher is the cost per search for a search 
engine, because more machines are_needed to 
store and search the index (8). Additionally, the 
more Web pages have already been indexed, the 
harder it becomes to find pages with new 
‘content, that is, content that is not contained in 
already indexed Web pages. Considering the 
diminishing retums and increasing cost of larger 
ndices, search engines stop gathering pages afler 
certain criteria reganding the size and coverage of 
Various languages have been met 

A plethora of content is stored in databases 
rather than in typical Web pages. The pages as 
well as their URLs (9) are ereated in response 10 
4 user filling out a form on the Web, Because 
search engines are unable to emulate this be- 
havior, such dynamically generated pages ean- 
not be indexed. There has been some research 
‘on trying to make form-filling automatic (10,17), 
but the problem remains largely unsolved. On 
the other hand, if the search engine knew the 
URL, then it coukl request the page dineely. 
‘Ths, a search engine simply needs «list of all 
URLs accessible at a site, Following this idea, 
‘Google has proposed an open protocol (/2) that 
is, a format for Web sites to disclose ist of all 
URLs they want indexed by a search engin. 
This service is available for all Web sites, not 
only for Web databases. In exchange for dis- 
closing the list, Google reports back to the site 
Which URLs it could not access, along with 
‘query and user click satisties for the site. Yahoo 
and MSN, as well as organizations with large 
databases, such as Wikipedia and the New York 
Times, have already adopted this protocol. 


Result Ranking 
‘Together with comprehensiveness, the quality of 
the result ran crucial for the success of a 
scarch engine. One usefil signal for ranking is 
anchor text. Anchor text is the text associated 
with a hyperlink, usually appearing in blue font 
Clicking on it brings the user to the Web page of 
the associated URL, that is the page to which 
the hyperlink points. For ranking purposes, 
many search engines treat the anchor text as if 
it were part of the text on the page that it points 
to, This is useful because anchor text often gives 
«8 concise description of the page and can thus 
match queries that also use a concise keyword 
description to retrieve the page. Additionally 
the home pages of many companies consist o 
much graphies but few words, this not giving a 
strong signal that the page is the official com- 
‘pany home page. In such situations, anchor text 
‘can often be relied on to identify the homepage. 
Handling short or underspecified queries. 
‘The average query length has not changed much 
over the years and is less than three terms. 
Depending on the type of query, short queries 
may cause a problem. Queries are roughly classi- 


fied into these three types (13): () informational 
queries, whose goal is 10 obiain information 
reganding a topic of interest: (i) navigational 
queries, whose goal is to find a specific Web 
ppage, such as the home page of a company: and 
(ii) transactional queries, whose goal is to 
perform a desired action, such as downloading 
a certain software package. For navigational and 
transactional queries, short queries are ofien 
sullicient. However, informational queries fre- 
{quently need more information about the user's 
topic of interest. A recent study found that many 
informational queries are not specific enough; it 
showed that the users’ information needs vary 
‘greatly even when they use the same query terms 
(1, For example, for the query “uailblazer” one 
taser might want information about the car, 
Whereas another user might want information 
about the basketball team. 

‘To address this problem, either the user neads 
to be enticed to be more specific, for example, by 
refining the search, or user-specific information 
‘needs to be taken into account. On the Web, most 
users are reluctant to do additional work. Thus, 
the area of automatically exploiting user-specific 
information so as 10 personalize result rankings 
has received considerable attention. 

‘To personalize a search, the search engine 
needs to know what the specific user is currently 
looking for (short-term interest). If this is: not 
clearly expressed, then the general interests of 
the user (ong-tenn interests) may be belpful. 
Thus, algorithms try to build a model of both 
the short-term and the long-term uscr interests. 
‘The modet can cither () suggest additional search 
terms or completely new queries to the user [sce, 
ex. (/5)] 0F (i) reorder the search results auto- 
‘matically. Recall that the ranking of a search 
‘engine usually depends on both query-dependent 
and query-independent signals, Hence, the reor- 
dering can personalize either query-dependent 
signals, for example, by automatically adding 
words suggested by the model to the query. or 
‘query-independent signals, for example, by using 
a personalized PageRank. 

Data sources for the short-term model are 
‘queries issued by the user in the same session oF 
the session history of other users with similar 
‘queries. Data sources forthe long-term model are 
search-related user information, such as the user's 
query and browsing history, and search- 
independent user information, such as documents 
and e-mail that the user has read and personalized 
information that the user provided to the search 
service. For example, based on the knowkdge 
that the user is a car enthusiast or based on the 
fact that his or her previous query was for 
“Chevrolet.” the system could automatically 
add the word “car* to the query “wailblaze 
‘The first studies employing automatically created 
short-term and long-term models to rerank search 
results with query-dependent signals found no- 
ticeable improvements in search quality (/6-18%. 
More research is under way to explore the full 
strength of this approach. 


REVIEWS [ 


Personalizing query-independent signals, 
specifically PageRank, has also received much 
attention. This is challenging, because the Page- 
Rank computation is time and space intensive. It 
is time intensive because it requires the solution 
of a linear system with as many equations and 
Variables as there are Web pages. It is space in- 
tensive because it requires storage of a Page- 
Rank score for every Web page. Thus, soring a 
personalized PageRank for every user would be 
‘ery resource expensive. The current state of the 
at (19) in the personalization of PageRank 
allows the computation of about 100,000 topic- 
related PageRanks, which canbe arbitrarily 
combined by a user, See (20, 2/) for reviews 
fon the topic. 

Handling synonyms and homonyms, Web 
search engine users have come to expect that 
exact query terms appear in the documents 
of the result set. Thus, scarch engines are reluc~ 
tant to return documents that contain synonyms 
of the query tems but are licking one of the 
query tems, At best they suggest alternate que~ 
ries that contain synonyms of the original query 
terms. 

‘An interesting question is what results 
should be retumed in the top 10 for homonyms 
sauch as “jaguar.” One of the top three dominant 
search services returns seven results on cars, one 
‘on the cat, one on a Macintosh OS X version, 
and one on a quantum chemistry software pack- 
age called Jaguar. A second search engine re- 
tums four results on cars and four on the animal, 
‘one om a sports team, and one on a rock band. 
‘The third search service retums six results on 
cary and four on the animal. This points to a 
constant discussion in Web searching [see, ex, 
(22)|; How much diversity should there be in 
search results? Automatically detecting. whether 
more diversity is needed for a given query is 
sill an open research question, 

‘Some problems with homonyms are due to 
overlap of words or names of people with names 
of locations. This has led to interesting research 
with the goal of detecting the geographic context 
of a query. Such research addresses two issues: 
dotennining the geographic context for queries 
that do not contain a location but have a geo 
graphic context, such as “space needle,” and 
detecting the lack of a geographic context in 
certain queries with location, such as “denzel 
washington.” Simple lookups in geographic 
dictionaries, called gazettcers, would fai in both 
cases, The first problem can be addressed by first 
retrieving the body text of Web pages that have 
been clicked on by other users for the same 
query andior the body text of the top search 
results; then using a gazetteer to extract all loca~ 
tion names; and finally, based on the frequency 
and spread of these locations, determining 
dominant location. For the query “space needle, 
“Scattle, Washington,” would be by far the most 
fiequent location, and the spread of the remain- 
ing locations would not show any particular 
prtterns. Thus, “Seattle” would be selected as the 
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dominant location, The second problem can be 
addressed in a similar way. The resuls for the 
query “New York Times,” for example, would 
most likely contain the phrase “New York Times” 
more often than the phrase "New York” by itself, 
giving a strong signal that “New York Times” is 
fan unbreakable phrase. A lookup in a guzcttoer 
‘would then indicate that the query does not have a 
‘geographic context, because “New York Times” is 
nota location. With this approach, the geographic 
context of about 95% of queries can be detectat 
ith an accuracy of about 95% (23). The next step 
isto devise algorithms that exploit this information 
to improve search results. 

Fighting search engine spam. Deciding 
\what constitutes search engine spam is often df= 
ficult, Some results are obviously search engine 
spam, such as a page 10 purchase & quantum 
chemistry software package that is returned in 
the top 10 results for the query “agua” Others 
‘are less clear, for example, when the query 
“Hion San Francisco” retums a page ofa travel 
agency that is not afiiated with Hilton Hotels 
but which allows users to book a hotel room in 
the San Francisco Hilton, 
rch engine spam usually tries to boost the 
ranking of a specific page while concealing the 
boosting trom the user, Common boosting tech- 
hhiques are content spamming (or keyword 
stufling), which tries to manipulate the query- 
dependent part of the ranking algorithms, and 
Tink spamming, which tries 10 manipulate the 


Google rtersnces 


‘query-dependent signal through the anchor text 
‘or the query-independent signal through the 
hyperlink analysis. Hiding techniques are ust 
ally very creative. They either attempt to hide 
the tems used for spamming from the user, 
such as the famous “White text on white back- 
ground” approach, or they use cloaking, in which 
the spammer supplies the scarch engine with 
‘page that is different from the page that a normal 
user sees when visiting the same URL, See (24) 
for more details. 

Detecting search engine spam is an ongoing 
research effort. First results indicate that auto- 
matic classifiers can be used to identify 82 10 
86% of content spam (25) and 80 10 81% of fink 
spam (26), with very small false positive rates. 

Filters for inappropriate content. What is 
considered inappropriate content differs. from 
culture to culture, and even from person to 
person. Thus, the fit challenge when building 
filter for inappropriate content is 1 find the 
Fight definition of what is inappropriate, There 
seems to be general agreement that filters. for 
chikiren should climinate pomography, hate 
sites, and violence-elated as well as drug-related 
content can offen be detected by 
fier that was trained using machine 
eaming techniques. For training, the fier 
soltware is given a lange set of “training” docu- 
ments, which are documents that are annotated 
cither as inappropriate or as not inappropriate from 
this, the software buikisa model of what features of 
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Fig. 2. Filtering options of Google applying to all searches of a user. 


documents are good indicators of inappro- 
Priateness. This model is then used 10 filer pages 
‘with inappropriate content at query time, These 
and other fiers are available at search engines: sec, 
for example, Fig. 2 for Googk's firing options 
that apply to all searches a user performs (ic, 
personalized fiter)and Fig. 3 for Googk’s filtering 
options for an individual search. In the future, 
search engines might provide filers for topics, 
geographic mgions, or gennes of Web pages, 


Future Prospects 
To further improve search results, specialized 
search engines such as Goole Scholar, which 
contain pages only on a certain topic ora certain 
‘gene, have been created. Another thrust of current 
research on result ranking isto analyze user clicks 
‘on search results in the aggregate, Researchers are 
also experimenting with different search inter- 
faces, such as mulificeted searching. Because no 
search engine inderes the whole Web, compre- 
bensiveness can be improved by combining search 
results of various search engines, Rank aggregation 
is the research area that explores different ways of | 
combining ranked lists of search results, 

‘Other interesting research topics are searches 
of other types of media, such as images, video, 
and sounds. Current search engines. usually 
exploit textual information associated with the 
media, such as the text in and surrounding an 
image, the closed caption of television channels, 
(oF user annotations of images, so-called social 
tagging. The quality of these 
formation sources is variable, which in 
tum afleets the search quality for these 
media, See (27) for more details. 

Current search engines do not un- 
derstand the semantics of queries or 
Web pages, nor do they apply any form 
‘of reasoning, Researchers curently exper 
iment with augmenting search engines 
With some simple forms of reason 
‘They try toextract fats from the Web an! 
store them in databases (28), This woud 
allow a scarch engine to answer questions 
fof the form “List all objects with the 
following propery,” such as "Give me all 
cites in California with more than 
1 million inhabitants,” Simple deduction 
rules such as “A isin relation with B, and 
Bis in relation with C, thus Ais in cation 
with © could then be applied. Other 
researchers retrieve fits fom at manually 
compiled hicrarchy of facts using a 
theorem prover and attempt to combine 
them with matebss in documents with the 
‘goal of answering simple fiet-based 
‘queries (29), Neither approach is used 
search engines today, but might be in a 
finure years 

Extracting facts from Web pages is 
closely related to searching semistruc- 
tured data, such as XML (Extensible 
Markup Language) data, These kinds of 
searches arise frequently in enterprise 
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Fig. 3. Filtering options of Google applying to individual searches. 


searching (searching the web pages intemal to an 
enterprise) and in the search of digital libraries. 

Traditionally, databases have been used to seach 
structured data, and search engines have been 
used forsearching unstructured data, sich as text 

With the arival of semistructured Web pages, the 
database and the information retrieval commu 
nities have started 1 explore combining their 
techniques and research efforts to achieve better 
retrieval results (30, 37), Thus, a new field of 
research consisting of the combination of the wo 
areas may be created. 
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The Scientific Research Potential of 


Virtual Worlds 


William Sims Bainbridge 


Online virtual worlds, electronic environments where people can work and interact in a somewhat 
realistic manner, have great potential as sites for research in the social, behavioral, and 
economic sciences, as well as in human-centered computer science. This article uses Second Life 
‘and World of Warcraft as two very different examples of current virtual worlds that foreshadow 
future developments, introducing a number of research methodologies that scientists are now 
exploring, including formal experimentation, observational ethnography, and quantitative analysis 


of economic markets or social networks. 


ecent sociotechnical developments in: 
volving online worldlike environments 
have made possible new kinds of re 


raise interesting challenges for computer and 
information science, and suggest new potential 
education across all the seienees (/, 2). We 
use the term “Virtual world” to describe an 


miplex physical spaces, where people can 
ct with each other and with Virtual objects, 
and where people are represented by animated 
acters, The diversity of current virtual 
worlds can be represented by the creativity- 
‘oricnted environment Second Life (SL) and the 
massively multiplayer online role-playing game 
World of Warcraft (WoW), To date, about 6.5 
million people have entered SL and WoW 
reports that it has 8.5 million subseribers, 50 
the impact ofthis technology is beginning to be 
felt by society 

The user enters cach via a personal computer 
running special software that connects to one or 
more servers that pass information back and 
forth between users aver the Internet. Both si 
Ulate very large three-<dimensional environments 
filled with virtal objects through which the user 
ay subjectively walk, swim, or fy, and in the 
cease of WoWW, with thousands of simple 
intelligence (AL) el 
Each user is represented by an avatar 
talk with the in a chat channel 
‘or through optional voice communication (3). 
Both worlds susts 


‘complex internal economies 
With their own currencies, both enable users 10 
do useful work for each other, and both offer 
software tools to facilitate social interaction, 
although some of their specific features are quite 
different (4-46) (Fig, 1) 

In terms of scientific research methodolo- 
. ne can do interviews and ethnographic 
research in both environments, but other methods 
would work better in one than the other. SL is 
especially well designed to mount formal 
‘experiments in social psychology or cognitive 
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science, because the rescarcher can construct 
facility comparable to a real-world labor 
nonintrusive statistical methodologies e: 
social networks and economic systems, because 
it naturally generates a vast trove of diverse but 
standanized data about social and economic 
imeractions. Both allow users 10 create new 
software modules to extract data 

The present moment marks 
ition, Video games and computer games a 
the process of evolving into something much 
richer, namely virtual words, at the same time 
that electronic games are surpassing the motion 
picture industry in dollar terms and be o 
evision. Already, many families forgo 
TV dramas to quest together in WoW 


najor historical 


Previously separate forms of electronic com 


nication are merging in what Americans call 
uibiguitous computing and Europeans call perva- 
sive computing. The current generation of video 
ne systems-—-XBox 360, PlayStation 3, and 
both the Nintendo Wii and the Nintendo DS 
portable all connect to the Intemet, and games 
designed for cell phones or Intemet-connected 
computers are proliferating. Researchers 

¢ methods needed 10 ereate an 


i neration of games, called perva- 
sive LARPs (live-action role-playing games), 
that have players act in the real work! while 
simulancously interacting over the Intemet vi 
wireless mobile conncctions (7-9) 

During this time of transition, when there is 
active speculation about the investment oppor 
tunities, itis excoedingly difficult to estimate the 
ceument economic impact of vital worlds, et 
alone project the future, For example, a Web site 
called Hinwhead that was merely about WoW 
recently sold for 1 millon dollars, and the game's 
SIS monthly change across many’ subseribers 


noms face 
dilemma of how to count wealth 
nside the games, in addition to the 
investments and returns. Explor 
story studies by Nick Yoo suggest that_ most 
pla Juls,disproportionately male 
but with a wide 
demographic characteristics (71), 50 viral 
worlds are not simply a childish fad, However 


4 


Fig. 2. The Stormwind Auction House in WoW. The three figures wearing vests and standing on 
platforms are the computer-generated auctioneers, whereas the dozen other figures are characters 
belonging to real human beings participating in auctions involving a thousand or more people. The 
‘one waving in the center is the avatar of a scientist who is studying this virtual world and the 
computer-assisted systems it provides to facilitate social interaction and economic exchange. 
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important they may become, a few social 
scientists and computer scientists have shown 
that these new realms are already suitable 
‘environments for scientific research, 


Virtual Laboratory Experiments 
For at least a decade, experimentalists in. the 
social and economic sciences have looked to the 
Inte of expanding the scope of 
their research, and. vir 
tum hopes into opportunities. A scientific a 
for online experiments was already enunciated in 
1997, when the National Science Foundation 
(NSF) sponsored a workshop called NetLab to 
explore the potential for online experimental 
laboratories. (www.nsf-gov/she:ses'soe/asi.jsp) 
The NetLab report said that the Web could en- 
able experiments to (i) be sealed up from the 
usual few dozen subjects 40 hundreds or even 
thousands; (ii) eross sociocultural boundaries and 
include research subjects from previously under. 
represented groups; (iii) study processes that take 
place over longer periods of time, including 
Weeks or even months; and (iv) become 
grated into the curriculum of under 
do not hap 
here such work traditionally takes place, 

Over the 10 years since NetLab, a number of 
\workshop participants have employed computer: 
based experimental methods, and some of these 
studies attempted to ful 
‘on aan expanded seale (/2-/4). Several groups 
have made progress in designing “eollaboratories 
(U5, 16), The effect of these efforts has. been 


the vision of research 


Fig. 2. Three avatar 


increased cooperation between researchers at 
<iflérent universities and improved use of experi- 
ments as teaching tools, However, the vision 
vastly increased numbers of more diverse 
respondents intemcting over longer periods of 
time has not been achieved yet. 
‘The scientific motivations for achieving these 

cals are compelling. Today we understand bet- 
ter than in the past that individual humans, small, 
groups, and large communities are all complex 
dynamic systems in interaction with each other. 
Traditional laboratory methods are the best w 
of testing simple causal theories by manipulat 
sxperimental treatments, which 
are considered the independent variables (J7, 18), 
For statistical reasons, experiments with small 
numbers of research subjects are limited 10 


influence both the outcomes and each othes. To 
unravel complex causal systems using exper 
mental methods, one needs a very large number 
of subjects. The background variables of the 
individuals may have important influences on the 
connections between the independent and 
pendent variables, so replication across: multiple 
‘6 diverse populations will be necessary 

Virtual worlds such as SL_ provide environ- 
mints and tools that facilitate creating online 
laboratories that can automatically recruit po 
tially thousands of research subjects, over a 
period of months, at low cost (Fig. 2), SL offers 
scripting and graphics tools that allow anyone to 
build a viral Laboratory buikling, functioning 


SL making a door. na virtual design studio, two scientists are admiring the work 


of a student inter (center) who is creating a set of displays demonstrating human-centered computing. 
‘After the combination lock has been set and made smaller, the door can readily be moved to it final 
location. Similar methods can be used to construct laboratory facilites and experimental equipment. 
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‘equipment to nun the experiment, and incentives, 
to motivate participation, such as giving each 
research subject a Virtual helicopter to fly around 
SL (U9. It would be quite feasible to have ad- 
vanced students replicate classic experiments in- 
side SL, adding to our confidence in older res 
while giving young people valuable skills 
Creative scientists may also be able 1 design 
experiments that are feasible in virtual worlds but 
were never possible before, For example, experi- 

be done compar 


ments ca he socioeconomic 
regula- 
tions, something next to impossible in society at 
linge (2), perhaps taking advantage of the fact 
that issues of environmental pollution already 
Jom lange in WoW quests. A team led by 
Yasmin Kafai atthe University of Califomia, Los 
Angeles, has already used the children’s virtual 
work Whvville in an experimental study of 
reactions to a measkselike epidemic affecting the 
avatars (27) 

Makers of online games 
for interesting ways to enha 
their subscrit ey might be w 
incorporate appropriate experiments. This would 
be especially truc if the experime 
if the company were facing stfY comp 
were thus open t0 in 


consequences of altemative governme 


re always looking 
‘© game play for 


novel, 
onand 
is, and if the 
scientists had their own funding to cover the 
additonal costs, Consider that players in WoW 
are split into wo opposing f 
races, called the Alliance and the Horde, en- 
parable to the historical 
In 2006, wo years after 
WoW was originally released, features were ine 
tentionally added t0 two zones 10 ine 
flict between the factions. Eastem PI 
gained four towers forthe factions 10 fight over, 
and in Silithus they compete to collect samples 
‘ofa valuable mineral, In both cases, much of the 
benefit is collective, what economists call a 
public good, given only to members of the 
winning faction, quite apart from how much the 
individual player contributed tothe victory. Th 
the two zones are effectively fiekd experiments 
fon the question of how individuals ean be in 
duced to cooperate in producing public goods 
(22). The evolution of cooperation between in- 
dividuals is the classic topic tor multi-ag 
system Al computer simulations in the social 
sciences, and the fact that virtual worlds combine 
both AI agents and human-controlled avatars 
implies that many rigorous experiments on this 
can be conducted in them (23-25), 
Political science uses the experimental method 
almost exclusively in small laboratory studies that 
‘mimic committee deliberations, and none of the 
social sciences experiment aggressively with s0- 
cial movements, simply because the cost and the 
tical issucs are daunting. This situation could 
change online, especially in role-playing games 
such as WoW, as long as the given experiment 
harmonized with the mythology of the virtual 
World. In the days before univers 


NATOUSSR split 


commitices on 
rscarch with human subjects, it was not con- 
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sidered unethical for a team of social scientists 10 
join a small social movement in order to study it 


covertly, thereby seriously affect, 


its outcome, 


or to experiment with alternative 
ns that had scrious co 


overnment ro- 
r squences for the 
beneficiaries, but those days are gone (26, 27), 
Participants in WoW expect the others to be acting 

wils defined by the 
nls provocatcurs who 


auuressively in. pursuit of g 


are researchers in disguise would positively con: 


tribute to everybody's dramatic experience, if they 


promoted a movement that simultancously 
supported the mythos and permit 
jons of human behavior, (See the 


conclusion for a discussion of ethical issues.) 


Observational Social and Economic Science 
Many scientists and scholars are already con: 
ducting research about virtual worlds, and they 
are bewinnin, 
isk general soci 
mist Edward € 


troniova argues that an inereas- 


ition of human life, economy, and culture 


Will take place in these novel environments, 59 
they need to be studied as important phenomena 
in their own right (28), In a study of social and 
economic coordination, Castronova has shown 
that it can be fruitful to compare results from 
research in different v 
for nations on Eamh (2 
dence that they serve 


cultural movements; for example, facilitati 
consolidation of post-Christian religious idcolo- 
agies (40y; and are substituting for disintegrating 
social institutions in the real world (3/), 

I is especially important w study. virt 
ids now, because the current period of trans 
jon may not ast much lony 


it may be impossible to reconstruct its key 
processes and phenomena entirely from historical 
records that are naturally preserved. Essentially 
all of the classic one-player electronic games can 
still be played, either because computer emu: 


ators of the old systems have been created or 


ames have been ported over to new syste 
But the same is unlikely to be true for today’s 
virtual worlds, because they depend on the 
extensive social infrastructure of the companies 
that support them and on the current population 
of people who inhabit them, 


Virtual worlds are good environments. in 


\Wwhich to explore wider issues related to emery 
ing technologies, such as intellectual property 
whts (32) and the sociotechnical implications 
of online misbehavior (33-35). Rese 
cerning the cuttu 


ch con. 
I worlds 


boundaries of vin 


includes studies of the extent to which gender 


specific behavioral norms transfer to these 1 


iditional environments (34), comparisons with 

games that are not electronic such 
as Dungeons anid Dr the 
human impact of alternative architectural phi 
losophies (33), 
(39), the possibility 
worlds (40), 


role-playing 


ns (37), contrastin 


the emergence of cooperation 
addiction to virtu 


fon of the different 


and explo 
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wMicipants attach to virtual life 


ings that p 
death (41) 
has followed the twin qualitative paradi 
anthropological ethnography 
participant observation (42), 


and To date, much of the research 


and soc 


but quantitative 


approaches using rigorous statistical and com- 


Putational techniques show very great promise. 


WoW is a very conducive environment for 
{quantitative research because it encourages in- 
‘mod” or “add-on 


dividuals to write or 


programs, 
and scientists can use some existin, 
nls oF Wi 


research ie their own, These ran 


nces of chat 
macros built 
» the WoW user interface to long pr 


all the way fort very simple seq 
acter behavior 


constructed us 


nt in the Lua language. For example, one 
widely used program called Auctionser analyzes 
prices on the WoW virwal 
and CensusPlus tallies all the players currently 
online by several characteristics (Fig. 3). 

pre than 200,000 WoW 
acters, a team centered at the Palo Alto Re 


With census data on 


search Center analyzed the factors associated with, 
ilty of individuals (43) and 


Another 


the upward status me 
the dynamics 


cial groups (44, 45), 
Mino 
levelop new 
data taken 
direally from computer servers tht run another 


team, centered at the University has 
recently received NSF 


analytical tools while 


‘major online role-ph 


a questionnaire administered 


awardscarch show Award, 
6). In principle, the 


seribers. (Wwww.ns! 
do? AwantNumber-O628 
raw ta fi 


ume server record every sin 
including 
affiliation steps that 


ups and networks, every 


economic exchanges, 


hat 
all 


munication between players, and all action 


choices that individuals make within the social 


Computer and Information Science 
Online virtual worlds illustrate well the defi- 
bly its high 
latency (slow packet delivery speed) and low 
bandwidth (amount of information that can be 
cen period of time). WoW man- 
ndwidth problem by placing all the 


ciencies of the Intemet (46), no 


delivered in 


yes the b 


aphics on the users’ computers, but this m 
that they cannot ereate their own objects and at 
best can This 
would not work for SL, bec 


semble exist 


components 
use the whole point 
is to empower users 10 en in their 
viral world from scratch themselves, The pen 
alty for SL users is a delay whenever the avatar 


moves 10 a new location, be 
ifications for the environment must be down: 


loaded fiom the server, often thousands of miles 


Lateney is a big issue for action-oriented 
online games (47), WoW's user interface in. 
cludes a latency meter so that the user ca 


decide whether to Jog off and then back on later 


in hopes of getting a better connection, Humans, 


cean detect latencies of as litte as 50 ms, whereas, 
mal use, Internet latency may be five times 
ry as best they 


‘ricting players 10 seripted 


at Jon 
typically by 1 


Games cover this de 


‘movements, but this is far from ideal 
Currently, virtual worlds use some variant of 


clicntserver architecture, in which a centralized 


company computer handles interactions among 
all the players, although WoW does employ a 
Partial peer-to-peer network in distributing. its 
updates. The Nintendo DS portable 
tem is an example of local peer-to-peer wireless 


Fig. 3. Example of CensusPlus output from WoW. This display graphs the results of tabulating 
4407 active characters for one faction in one of the hundreds of realms of this online game, and 
‘exact census numbers are also provided. The bar graph at top left shows the distribution across five 

races": dwarves, gnomes, humans, night elves, and Draenei; whereas the other bar graphs show 
the nine classes (such as warrior or priest) and the distribution across levels of experience, 
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networking, suggesting the range of alternatives 
‘that may be built into a future successor to the 
Internet. 

‘Virtual worlds are a good proving ground for 
virtual people, namely AL nonplayer characters 
(NPCs) like the thousands that inhabit WoW. 
NPCs can be cither friendly (such as merchant 
characters that serve as portals to the database 
‘of Virtual objects) or unfiiendly (such as the 
animals that a game player ean gain points by 
killing). Camivores constantly patrol territory at 
random and attack the user's avatar if it comes 
\ithin what players call the “agero radius” and 
ethologists of real animals call “reaction dis- 
tance.” The AI system for such an animal is 
extremely simple, but it offen models running 
away or becoming enraged when it suffers dam- 
age. AL representations of humans potentially 
‘could be much more complex. Notably, a team 
led by Mary Lou Maher has been developing 
conceptual frameworks and detailed methods 
for giving these agents the motivation to seek 
novelty and respond creatively (48, 49). 

Other fields of computer and infomation 
science that may use virtual worlds as labo 
ratoties include human /computer interaction 
(HCD, where “machinima” videos shot in vir- 
tual worlds may be used 10 develop prototypes 
‘of a wide range of systems (50) and new meth- 
‘ods of information visualization (51), Today's 
Virtual worlds contrast strongly with the concept 
‘of totally immersive virtual reality (VR) that has 
Jong been popular with science fiction writers 
(52) but has proven so difficult for computer 
scientists to achieve in the real world. SL and 
WoW images are restricted to the screen of an 
ondinary computer monitor, rather than filing 
the walls of a VR cave or a binocular head- 
mounted display. On the one hand, this may 
suggest that people really do not need. visually 
perfect VR. On the other hand, today's viral 
worlds may be preparing millions of people to 
demand full VR in the future 


Conclusion: Human Challenges 

Virtual worlds may help unify some branches of 
the social sciences and give them greater sci- 
cemtfic rigor. Whereas economics and cognitive 
science have made great strides in recent dec- 
des, some other disciplines remain fragmented 
in myriad competing schools of thought, poised 
ambiguously between the humanities and the 
natural sciences. For example, concepts such as 
“identity” and “self” have been used for nearly a 
century to describe aspects of human individu 
ality, initially by the psychoanalytic school in 
psychology and symbolic interactionists in soci- 
ology (53, 54). Some contemporary cognitive 
scientists are skeptical of scholarly conceptions 
of self (53), finding them to be more like literary 
metaphors distilled from the surrounding folk 
‘culture than like rigorously measurable scientific 
concepts. The cognitive and emotional relation- 
ships between a human user and his or her on- 
c representation are very actively debated and 


‘could become the focus of increasingly rigorous 
research and a point of convergence for the 
social sciences (56, 57) 

Interestingly, SL and WoW have different 
orientations. The simulated people in SL are 
avatars, supposedly expressing the identities of 
‘their human owners, just as avatars within Hindy 
religion personify aspects of the deities. WoW 
uses the term character, implying that many 
players may keep a psychological distance from 
them, considering them toys, puppets, perhaps 
even friends, but not selves. Avid players tend to 
run several characters, commonly referring to 
them as possessions. 

Given the great variability across. virtual 
worlds and human participants, the multiplicity 
of feasible research methodologies would permit 
a range of overlapping research studies, adjudi- 
cating between alternative theoretical proposi- 
tions and thereby connecting the currently 
isolated schools of thought. Some studies could 
‘examine how humans conceptualize their own 
avatars or characters, while others could focus 
‘on mutual perceptions during social interaction. 
A third category of studies could look at how 
hhumans react to the currently rather simple Als. 
A fourth could explore social cognition by 
designing ever more complex and lifelike Als, 
\atching their interactions with people, and even 
modeling them on specific human individuals to 
better understand the cognitive processes that 
shape human behavior. 

The tremendous research potential of virtual 
worlds cannot obscure the fact that there are 
problems as well, A number of organizations 
hold meetings in SL, from IBM to informal 
ffiendship groups, but itis unclear what enhance- 
ments are needed to make it a really good en- 
Vironment for serious distributed collaborations 
fof the kinds ofien undertaken by scientists. 
Given that university departments hire faculty in 
a diversity of fields, research collaborations in 
highly specialized fields offen of necessity span 
institutions, but scientists do not seem to be 
rushing into SL to find a shared virwal location 
What value virtual workls might add to the 
existing modes of communication between dis- 
tant scientific collaborators remains to be seen. 

Online research involving human beings may 
require ethics scrutiny by institutional human 
subjects review boards, or it may not, depending 
fon the circumstances. Arguably, both SL and 
WoW are public places, and the fact that both 
discourage people from using their real names 
‘seems to provide anonymity, but these points can 
bbe contested. In WoWW, for example, some com 
bat arenas and chat channels are accessible only 
to groups formed by invitation, so these might 
qualify as private places. Many frequent users of 
‘SL craft their avatar to look like themselves and. 
give them portions of their own names. Any 
avatar is subjectively a second self, so its repu- 
{ation becomes important to the owner even if its 
‘deeds cannot be traced back to the person in the 
real world, 


REVIEWS [ 


Academic social scientists are often required 
to follow NSF's 45 CFR Part 690: Federal 
Policy for the Protection of Human Subjects, 
even if their project does not have federal 
funding (www.nst-gov/bfa/dias/policy/docs/ 
45ci690.pa), However, people doing research 
outside the regulatory context of a university oF 
other employer are free to do anything not pro- 
hibited by law or the enforced policies of the 
particular virtual world. Given the low cost and 
ready accessibility of online virtual worlds, stu- 
dents are already undertaking research projects, 
fiom middle school upward, raising a host of 
cthical issues, starting with the question of 
‘whether one can require informed consent from 
every individual in an online public space. We 
cannot expect such issues to be resolved in any 
definitive fashion, because both social norms 
and the technology are constantly changing, but 
researchers need to be sensitive to them, 

A related human isswe concerns the trans- 
ormation of some kinds of education at pre= 

ge levels, which might hamnonize with sc 

entific values more than with traditional values, 
NSF has supported the development of two 
virtual worlds devoted w science education: 
River City, where students explore public health 
issues in a simulated 19th-century town (58), 
and Quest Atlantis, where preteens. develop 
fundamental research skills by solving environ- 
‘mental problems (59). A number of educational 
institutions are active in SL, including Ohio 
University, the University of Texas at Dallas, the 
University of Cincinnati, Bowling Green State 
University, the University of North Carolina at 
Chapel Hill, and Vassar College, often giving 
students educational experiences. in creating 
content for SL. 

Many virtual workls may foster scientific 
habits of mind better than traditional schools 
can, because they constantly require inhabitants 
to experiment with unfamiliar aematives, ratio- 
nally calculate probable outcomes, and develop 
complex theoretical structures 10 understand 
their environment (60-62). Probably for better, 
but conceivably for worse, virtual worlds are 
creating a very new context in which young 
people are socialized to group norms, 
tellectual skills, and express their y 
(63). The “graduates” of SL and WoW may 
include many future enginoers, natural scie 
and social scientists ready to remake the wal 
‘world in the image of the virtual worlds, 


References and Notes 

1 LA Batt, Designing Virtuo! World (New Riders, 
Indianapalis, N, 2008). 

2 C Ondeta, Games Cult 1,111 (2000). 

3. B Dame, Avatars Exploring ond Building Vital Worlds 
‘on the internet (Peachpit, Berkeley, CA, 1998). 

4. CR Ondeeka,htpussincomiatstract 614663, 

‘5. ML Lummis €. Kern, Wold of Worcrot: Master Guide 
(GxadyGames, Hew Yor, 2006). 

6. ML ummis €, Ker, World of Wort: The Burning 
‘Gruso (BradyGames, New York, 2007) 

7. ML Bellet ol, in Proceedings of CH 2006 [Assocation 
for Computing Machinery (ACN, Mew York, 2006), 
pp. 417-426, 


wwewsciencemag.org SCIENCE VOL317 27 JULY 2007 


475 


AAV Vector Integration Sites in Mouse 
Hepatocellular Carcinoma 


‘Anthony Donsante,™* Daniel G. Miller,”* Yi Li,? Carole Vogler,* Elizabeth M. Brunt,* 


David W. Russell,**t Mark S. Sands**¢ 


deno-associated viruses (AAVS) are 

promising vectors for gene therapy, We 

previously reported a high incidence of 
hepatocelhilar carcinoma (HCC) in AAVGreated 
mice withthe lysosomal storage disease mucopoly- 
saccharidenis VII(MPS VII)(7), Similar malignant 
hepatocellular changes were also observed in eter 
mouse models of AAV-mediated gene therapy 
(2,2), In each case, the underlying molecular 


‘mechanism is unknown, 

We examined HCC 
formation in mice after 
neonatal intravenous ir 
jections of 1.3 


ticks of an AAV vector 
‘expressing the human B- 
‘elvcuronidase gene fiom 
4 Bractin promoter and a 
eytomegalovinas (CMV) 
‘enhancer (AAV-GUSB) 
SI). Six of 18 
(33%) AAVateated MPS 
VII mice developed 
HCC, compared with 
1 of 25 4%) mive tested 
With bone marrow tne 
plantation (able SI) 
Wikhiype mice injected 
with the AAV-GUSB. 


those previously described (4, 5) and contained 3 
Portion of the S* vector inverted teminal repeat 
(TTR) with transgene transcription proceeding in a 
telomeric direction. We compared the copy 
numbers of junction-specific fragments in tumor 
tissue and in normal fiver. In the thee cases 
Where adjacent tissue was available, the junctions 
Were undetectable in nomakappearing liver (<1 
‘copy per 100 genomes) Junction copy numbers 


vector of aversion ack- 
the (actin promoter 
(fig. S1) ako developed 
HCC at signitcaty bid 
rates (S6% anal 33% 
respectively) compared 
with untreated “normal 
mie (834%). No tumors 
were observeat in trans 
genic: mice overexpress 
ing GUSB from the same 
‘expression cassette as that 
in AAV-GUSB. 

We attempted to so 
late vector-ciromosome 
junctions fom six tues 
present in six different 
mice by inverse poly- 
merase chain reaction 
(PCR). A single, unique 
amplification product 
was detected in four 
samples (Fig. 1A). Each 
junction was similar to 


Vector integrations. 


Ccreomesome 12 position (Mb) 
Fig. 1. (A) Vector-chromosome junctions are shown with colors indicating 
sequence origin: black, chromosome 12; bue, AAV; green, micohomologes between 
‘AAV and chromosome 12; and red, inserted nucleotides. Cromasomal and AV TR 
{flip or flop orientation) positions are indicated. (B) Quantitative PCR for junction copy 
‘numbers in tumors and in adjacent, normal tissue primer sites shown in (A). Normal 
saimples were below the limit of detection. NA indicates not available. or bars 
represent 1 SD. (O The genomic locus containing the integration sitesi shown with 
relevant portions expanded. imprinted tarscipts expressed from matema (pink) or 
paternal (bie) alleles, areas where vanscription has not been confirmed (dashed 
lines), and microRNAs (triangles) are indicated. (D)Transcrigt levels in tumors divided 
by those from adjacent normat-appearing tisue. Fold differences for mice with 
junctions 1, 3, and 4 were averaged and ploted versus chromosome 12 postions. 
Blue dots ae assayed transcripts (two ove for Rion and Aig). Red ines are Stes of 


ranged fiom 3 10 27 per 100 diploid genomes in 
tumor tissue (Fig, 1B), Because murine hepato- 
eyes can be tetraploid or octaploid (6) and 
because tumor simples contain a. variety of sup- 
porting and inflammatory cells that presumably 
lack vector proviruses, these values are consistent 
with a single AAV vector integration event re- 
sulting in clonal expansion of transformed cells 
However, we cannot exchide the possibilty that 
additional, undetected vector integrations were also 
‘resent in the tumor samples 

All four junctions mapped toa 6-kilobase region 
of chromosome 12 (Fig, 1€). Two of the insertion 
sites were located just 12 base pairs apart within the 
mir 341 mictoRNA transcript, Microarray analysis 
showed that genes adjoent and telomeric 10 the 
AAV yextor proviruses were dramatically overex- 
reed (Fig. ID). and they were up-regulate in all 
Ahn tamer samples stk, sugzesting thatthe tae 
scriptional changes were de to provinus insertions. 

Thirty-four of the 382 known mouse micro 
RNAs, with thousands of potential target genes, 
are located within this locus, The highly over 
expressed Rian and Mine yenes contain mukipte 
small nuckookar RNAs (snORNAS) and micORNAS, 
respectively, that could have profound effects on 
‘ost gene expression, The fact that every junction 
Isolated was present at the same locus and resulted 
in similar changes in expression sugyests that these 
‘events promote a critical step in tumorigenesis. A 
similar acus on chromoscame 7 was not dysregu- 
bata [Supporting Online Mairial (SOM) text, 

Our findings implicate insertional mutagen- 
«sis by AAV vectors in the development of hepato 
calular carcinoma. Because humans have a syntenic 
Jocus on chromosome 14 that has been linked t0 
several cancers (7, 4), these findings raise salcty 
concems over the clinical use of AAV vectors 
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Free-Drifting Icebergs: Hot Spots of 
Chemical and Biological Enrichment 


in the Weddell Sea 


Kenneth L. Smith Jr.,?* Bruce H. Robison,” John }. Helly,” Ronald S. Kaufmann,” Henry A. Rubl,? 
Timothy }. Shaw,* Benjamin S. Twining,* Maria Vernet 


The proliferation of icebergs from Antarctica over the past decade has raised questions about their 
Potential impact on the surrounding pelagic ecosystem. Two free-drifting icebergs, 0.1 and 30.8 
Square kilometers in aerial surface area, and the surrounding waters were sampled in the northwest 
‘Weddell Sea during austral spring 2005. There was substantial enrichment of terrigenous material, 
and there were high concentrations of chlorophyll, krill, and seabirds surrounding each iceberg, 
extending out to a radial distance of ~3.7 kilometers. Extrapolating these results to all icebergs in 
the same size range, with the use of iceberg population estimates from satellite surveys, indicates 
that they similarly affect 39% of the surface ocean in this region. These results suggest that free- 
drifting icebergs can substantially affect the pelagic ecosystem of the Southern Ocean and can 
serve as areas of enhanced production and sequestration of organic carbon to the deep sea. 


nospheric warming has been associated 
Aastha gb 
the Antarctic over the past decade, par 


ticularly around the Antarctic Peninsula (/-), 
The disintegration ofice shelves on both sides of 
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Fig. 2. Northeast extent of the Antarctic Peninsula and South Shetland bland 
chain, forming the western boundary of the NW Weddell Sea. (A) The stu region 
including the shipboard study site inset depicted in (B)} and the area of the 
processed SCANSAR- Wideband satelite image for analysis of iceberg number and 
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the Antarctic Peninsula during the past 60 years 
hasbeen attibuted to atmospheric warning (5, 6) 
and has contributed to the increased frequency of 
icebergs in the Weddell Sea (7). 

Tecbergs are very conspicuous features across 
the ¢ of the Souther Ocean. They rany 

size from objects that are meters in diameter to 
Jange tabular structures that can exceed 300 km 
Jength. In the Southem Ocean during the late 
1980s, there were an estimated 200,040 icebergs 
With Tinear dimensions in the tens of meters 10 
tens of kilometers (8, 9). Iceberg shapes range 
from tabular to pinnacle forms, depending on 
their origin and state of decay by evaporation, 
mching, waveinduced erosion, and fracturing 
(70) during transit to their final ablation 
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Little is known about the impact of fiee- 
ifting iecbergs on the surrounding pelagic eco- 
system, Ancedotal observations suuzeest that both 
depletion and enrichment of biological and 
chemical activity in the pelagic zone can be 
associated with icebergs. While stationary in a 
coastal region, avery lange (~10,000 km?) 
grounded iceberg with an associated faunal 
‘community (//) ereated shading and negatively 
influenced surface primary production (/2). A 
smaller, free-driting iccene increased concen- 
trations of iron and chlorophyll in its wake (73), 
The density of acoustically reflective targets, be- 
lieved to be zooplankton and micronckton, was 
twice as high under a ffeedrifling icebere as 
compared with that of targets in surrounding 
‘open water in the Weddell Sea (/4). Top preda- 
tors such asscabinds and seals, are also common 
ly associated with icebergs in the Southem Ocean 
S17). 

Given the prevalence of icebergs in the 
Southem Ocean and the paucity of data concern- 
ing their impact on the surounding. ec 
‘over their life span of months to years, we sought 
to address the following null hypothesis: As drift 
ing islands, icebergs impart no significant (P 
(0.05) chemical and biological characteristics to 
the surrounding ecosystem when compared with 
more peripheral waters some distance away, 

Icebergs W-86 and A-52. We studied five- 
drifting icebergs during austral spring 2003 in 
the northwest (NW) Weddell Sea, an area of 
abundant icebengs that originate primarily trom 
the ice shelves along the Antarctic Peninsula 
(Fig, 1A), Two drifting. tabular icebergs, located 

130 km apart and fee of pack ice, were sam 
pl along with the surrounding waters. One icc- 
beng, W-N6, wats studied from 7 1 15 December 


2005 as it traversed a total distance of 123 km 
(Fig. 1B), W-86 was <2 km long, with an aerial 
54-69) 82 Blag: 
Pore 
}—— “61° 
eae 
el 


sive. (B) Enlarged inset from (A) outining the study areas for iceberg A-52 to the 
‘east of Elephant and Clarence islands and for iceberg W-86 farther to the east. The 
trajectories of each icebera, A-52 and W-86, are shown with Julian days (1D) 
indicated over the course of our study in austral spring 2005. 
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height of 41 mand a submerged depth of 2300 m. 
This iccberg had an estimated acl surface area 
of 0.12 km?, A spiral sampling track was used 
to encircle the entire iceberg for ship-based 
surveys of iccbene structure, chlorophyll a, 
phytoplankton, zooplankton, and micronekton, 
We used a 10-1? opening-closing traw! [multi- 
ple opening-closing net and environmental sensing 
y |: a remotely operated ve- 
hicle (ROV) with a video camera; an underway 
flow-through conductivity-temperature-tepth 
(CTD) instrument; a Nuorometer; and a large 
volume pumping system (/8). Spiral sampling 
began within 20 m of the iceberg and extended 


‘outward beyond 9 km, where the influence of 


the iecherg was not detectable. Superimposed 
‘on this sampling track was a series of CTD- 


rosette easts and stations where large volumes of 


‘water were pumped from depths <S0 m, 

For comparison, we studied a much larger 
iceberg that was clearly visible asa lange feature in 
satelite images (RADARSAT and QuickSCAT), 
Ieeberg A-S2. was first sampled from 3 to 6 
December 2005 betore its temporary ground- 
ing off Clarence Island and was resampled 
from 161021 December afier again becoming 
fie-drifling, The total distance traversed by A-S2 


Fig. 2. Surface salinity 
and excess ?#*Ra mea- 
‘sured with increasing ise 
tance from icebergs We86 
and A52. Black symbols 


overan 18-day period was 531 km (Fig. 1B). 
A-52 was oblong in shape, with a length of 
21 km, an acrial height of 25 to 32m, and a 
submerged depth of 2230 m, The aerial surface 
area of A-S2 was 300.8 km? during the first 
sampling period. However, during the sccond 
sampling period, the estimated surface area had 
decreased by an order of magnitude 10 30.8 
after obvious fracturing and ablation. Numerous 
lange waterfalls cascaded from the crest of A-S2, 
suggesting rid meking across the extensive upper 
surfice. A modified sampling program along the 
Jengths of both sides of A-S2, including CTD- 
rosette casts to 500/m depth, was nite at parallel 
distances, extending out fom 20 m to 9 km. 
Meltwater contributions. Complex surface 
‘currents, with a strong diumal tidal component 
modulated by inertial curents, imparted inegular 
spiraling rotations to both icebergs, while A-S2 
maintained an overall trajectory toward the north- 
cast and W-86 moved primarily east (Fig. 1B) 
(19). Mettwater contributed 10 highly variable 
salinity in proximity to both icebergs (Fig. 2, A 
‘and B), with lowest salinities most prevalent in 
surfice waters (Fig. 2, Cand D). There was 
enrichment of short-lived "Ra (half-life = 3.7 
days) in the surfice waters adjacent 10 cach 


represent: measurements 
around W-86, The fist 
‘and second. sampling 
periods around A-52 are 
differentiated by blue 
and red symbols, respec- 
tively. (A and B) Mean 
surface salinity (+ SE) 
at meter increments be- 
tweem 0 and 10 m depth 
determined from CTD 
casts [open squares; 
10 measurements (W-86), 


n= 13 measurements 
(A-52)]_and underway 
flow system salinity (in- 
take at 5 m depth) 


determined at 1-min intervals for 5 min [cosses; n = 79 measurements (W-86), 1 = 100 measurements 
(A-52)]. The SE of each mean value is generally smaller than the representative symbol psu, practical salinity 
tits. (C and D) Mean salinity (+ SE) determined from 10 CTD casts at W-86 and 13 casts at A'SZ over the 
following depth intervals: 0 to 10 m (solid diamonds), 11 to SO m Golid squares), 51 to 100 m (slid 
triangles), 101 to 200 m (dashes), 201 to 300 m (plus symbols), 301 to 400 m ("x" symbols), and 401 to 
'500 m (open circles) The SE for each mean value of each depth bin is generally smaller than the size of the 
representative symbol. (E and F) Excess ?*Ra in surface waters (0 to 10 m depth) with increasing distance 
from icebergs W-86 and A-52. The fist sampling around A-S2 (blue symbols) was more variable than the 
second sampling (red symbol, but the combined trends are similar. For comparison, nearshore sample 
aches (<0 hm from cote of he vbr Perens 0 = 7 messrenand aed by be 


black bar on the y axis. Average open ocean (2100 km from any coastline in the Drake Passage; 
measurements) and mixed-ayer samples GO to 80 m depth proximal to W-86 and &-52; n 


4 


measurements) were at or below our detection limit of 0.6 dpm m”, as was the zero value for W-86 28). 
[The detection limit was caculatedas three (a) times our calculated counting eror of 0.2 dpm mi. The 
error was determined with Poisson statistics on the total counts for each counting interval and propagated 


based on three counting intervals per sample.) 
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iceberg. Excess “Ra (that faction not supported 
‘by ambient parent isotopes) was chosen as an 
‘unambiguous terrigenous input. Because the ony 
viable source of excess “Ra is the decay of 
Th associated with terrigenous particles, the 
enrichment must indicate local input of ice-rafted 
detritus into the surrounding surface waters typi- 
cally <10 m depth) from meltwater, The sea- 
surface layer in areas proximal to both iceberas 
‘was enriched in excess 7*Ra when compared 
with deeper mixed-layer samples (30 10 80 
depth) that were at oF below the detection limit 
(Fig. 2, E and F), precluding a deep upwelled 
source of enrichment, Surface enrichments. de- 
creased! with inereasing distance from the ice- 
bergs. The highest excess “Ra enrichment [5.0 
disintegrations per minute (dpm) m™} was ob- 
served in water samples collected in brash 
broken off and immediately adjacent 10 ieebeng 
W-86 (Fig, 2E). These samples also had the 
highest negative salinity anomaly as compared 
With samples from the surrounding surface wa- 
ters, suggesting a meltwater source for the high 
*Ra, In contrast, lower excess “Ra activities 
were measured between 1 and 5 km fiom W-86 
and fiom A-S2 during the second sampling pe 
riod (Fig. 2, E and F), We attribute the near 
background” activities in some samples 
Iected adjacent to A-S2, during the first sampling 
period, to curent-induced upwelling. The trend 
‘of decreasing excess “Ra activity with in- 
creasing distance from each iceberg suggests 
rapid melting and dispersion of the entrained 
terrigenous material, a potential source of iron to 
stimulate phytoplankton growth (20), Such 
inputs from feeriting icebergs likely eontrib- 
tue to the elevated iron concentrations (1 nM) 
‘measured in the Weddell Sea as compared with 
the extremely lowsiton (<0.1 nM), high-nutrient, 
Jow-chlorophyll waters ofthe Pacific and tnd 
sectors of the Southem Ocean (21), 

Surfce water concentrations of silica 
phate, ammonia, and nitrate revealed no 
Fant pater with distance fom W-86 and A 
«due in part to limited simple sizes (lig. S1). 

Phytoplankton community. Phytoplankton 
biomass, estimated as chlorophyll a integrated 
between the surface and 10m depth samples 
fiom rosette bottle casts, was diluted in the 
immediate vicinity (<0.2 km) of iecbene W-86 
and increased out to 1,0 km before declining 
again to significantly lower values (P < 0,001) 
beyond 3.7 km (Fig. 3, A and C, and table SI), A 
similar patter, albeit at lower concentrations, 
‘was observed around A-S2, with higher chloro- 
phyll a concentrations in the immediat 
of the ihe during the fist sampling period 
(Fig. 3, B and D). Moderate concentrations of 
chlorophyll a occurred < berg 
‘A-S2, with the highest concentrations around 0.8 
km and background concentrations beyond 1.0 
sm, At locations adjacent to both icebergs, under 
‘way surface fluorometry measurements also 
hibited the highest fluorescence values and 
variability, which generally decreased with in- 
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creasing radial distance (Fig. 3, A and B). The 
mictophytoplankton (>20 um) composed pri- 
marly of diatoms constituted the lanzest percent- 
age of total chlorophyll a within 1.0 km of W86 
(53%) and A-S2 (45%) (Fig. 3, C and D). 
Beyond a 3-km radius, the microphytopkinkton 
fraction of total chlorophyll a was <24% around 
‘both icebergs, The high microphytoplankton bio 
mass associated with W-86 and A-S2 is similar to 
the enhanced biomass encountered in eutrophic 
areas near the edge of the seasonal pack ice (22) 
‘or during iron enrichment experiments (23. 24). 
ce-associated community. The submensed 
ides of W-86 frequently had a reticulated sur 
face, which consisted of indentations (ablation 
pockets) ~6 to 8 em acroxs and I to em deep. In 
the ridges between the indentations were small 
fagments of volcanic rock that served as attach 
iment surfaces for tufted benthic diatoms, domi- 
ated by Bidkdulphia aff punctata, with associated 
ciliates and foraminiferans, These diatom com 
munities ranged from the surge-exposure depth 
‘of § m down t 60m, Below this depth, there 
were no obvious signs of epibiota. Juvenile iee- 
fish (Channichthyidae) and polychaetes (Poly- 
nnoidae), associated with pockets and folds in the 
ice surface, were observed by ROV video but 
Were not collected. 
‘The submerged structural characteristics of 
A-52. were more diverse than those of W-86, 
ieluding caves. “subtidal” terraces. seoured 
areas, and apparent precursor or eroded stages 
Of the reticulated indentations. In one area, a 
shamp edge led to the suspected underside of 
the iceberg at 230 m depth. Antarctic krill 
(Euphausia superba) occurred abundantly in 
association with many substrate forms, incl 
ing the reticulated surface with attached diatom 
‘communities and caves that extended deep into 
the iccberg’s interior. Ctenophores, siphonio- 
phores, and chactognaths were also observed by 
ROV video in the water adjacent t the ive 
surface around both icebergs. Extensive expanses 
ched diatoms, dominated by Nichia afl 
were also present on A-S2, aligned as 
‘on W-86, between the reticulated indentations in 
the ice surface (fig. $2). The densest concen- 
trations of these attached algal communities 
‘occurred on a fared terrace ofthe iceberg broadly 
exposed to downwelling light 
Macrozooplankton and micronekton com- 
munity. Abundance of macrazooplankton and 
micronekton, dominated by E. superba and the 
cchactognath Pseudosagitta gazellae, was highest 
within a 3.7-km radius but diminished with 
increasing distance from both icebergs to much 
ower background values (Fig. 3, E and FL A 
Mann-Whitney U test revealed a significant 
decrease (P < 0.009) in macrozooplankton and 
mictonekton abundance between the near-field 
(3.7-km radius) and fartield (3.7-m radius) 
around A-S2 (lable S1), Although a similar trend 
in abundance was associated with W-86, there 
‘was no significant difference (P > 0.05) between 
the near=and far-field. The displacement volume 


of macrozooplankton and micronekton, an 
estimate of biomass, was highest within 3.7 km 
‘of each iceberg, as compared with samples col- 
lected >3.7 km away (Fig. 3, Gand H), There 
‘wasa significant decrease (P< 0.005) in displace- 
‘ment volume between the near and farfiekd 


Bo 


eaoparten 
(nacre) 


52, but no significant difference 
(P > 0.05) in volume was detected between the 
near- and far-field surrounding W-86 (table S1). 
Gelatinous zooplankton, especially meduse and 
siphonophores, were present in higher densi 
A-S2 than at W86, In contrast, chaetognaths 
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Fig. 3. Pelagic community characteristics as a function of distance from icebergs W-86 and A-52. Black 
‘symbols represent measurements around W-86. The first and second sampling periods around A-S2 ate 
differentiated by blue and red symbols, respectively. (A and 8) Mean phytoplankton chlorophyll a 


‘concentrations (+ SE) in fitered size fraction >3 yum 
measurements (W-86), 1 = 13 measurements (A- 


integrated from Oto 10 m depth [open squares; 0 = 9 


\-52)] and chlorophyll a determined from underway 


fluorometry (crosses; n = 79 measurements (W-86), n= 100 measurements (A-S2)). SE values of each 
‘mean are generally within the bounds of each symbol. (C and D) Mean chlorophyll a concentration for 
phytoplankton >3 jm for 0 to 10 m depth (solid circles + SE) and the percent of that chlorophyll a 


associated with microphytoplankton >20 um in size 


(open squares + SB). (E and F) Macrozooplankton and 


migronekton abundance (mean + SE) including all taxa. Fauna counted from collections made with a 10- 
‘m? opening-closing net system with six nets (MOCNESS) towed from ~1100 to 1400 hours (28). ind., 
individuals. (G and H) Macrozooplankton and micronelton displacement volume (DV) (mean + SE) forall 
taxa combined. Fauna were collected as described above, and wet displacement volume was determined 
shipboard with fresh specimens. (and J) Phytopigment analysis of guts from E. superba, the dominant 
macrozooplankton and micronekton species associated with W-86 (n = 48 specimens) and A-S2 (n = 39 
‘specimens). Chlorophyll a is represented by solid circles (mean + SE) and phaeopigments are represented by 
“x symbols (mean + SB). (K and L) Pelagic seabird abundance for three aerial zones extending out from 


‘each iceberg (mean + SE). 
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\were more abundant in trawls around W-86 than 
in trwls near A-52. 

In the guts of E, superba collected <3.7 km 
from W-86, significantly higher concentrations 
of phytopigments (chlorophyll a * phacopig- 
ments) were measured, diminishing to lower lev 
cls at greater distance (P< 0.001; Fig. 3, Land J, 
and table SI). Consumption of phytoplankton 
bby E. superba should contribute to localized 
‘export of paiculate organic carbon in the form 
of fecal material 25) to greater depths sur- 
rounding icebergs. Gut phytopigment concen- 
trations in E. superba surrounding W-86 were 
two onlers of magnitude higher than concen- 
trations measured in this species around iceberg 
A-52. No significant change in gut phytopig- 
ment concentration (P > 0.05) was detected in 
E, superba with distance trom A- 

Seabird community. Pelagic seabirds were 


W-86 (P< 0,001) and A-S2 (P < 0.001) in com- 
parison with seabind numbers observed at dis- 
tances >0.9 km away (Fig. 3, K and L, and table 
1), The number of bird species was greater, and 
‘community evenness was significantly lower (P< 
0,001), at locations near W-86 and A-52 as com- 
pared with those values measured at positions 
away fom both icebergs, Decreased evenness 
has previously been associated with the increased 
dominance ofa specific ecological fator, such as 
resource availability (26), Cape petrels (Daption 
capense) were the most numerous bird species, 
whereas Antarctic fulmars (Fulmarus glacia- 
loides) were less abundant and covaried in den- 
sity with cape petrels, Wilson’s storm petrels 
(Oceanites oceanicus) were observed occasion- 
ally but were not common. 

Bioavailability of terrigenous material. It 
is clear from our study that icebergs W-86 and 
A-52 influenced the surrounding pelagic eco- 
system, as refleted in elevated concentrations 
of Ra and increased densities of phytoplank- 
ton, zooplankton, and pelagic seabirds. As dei 


nificantly higher in number within 0.9 km of 


ing islands, icebergs impart substantial chemical 
and biological characteristics to the surrounding 
‘ecosystem when compared with more peripheral 
‘waters some distance away, thus disproving our 
null hypothesis. We speculate that the release of 
‘race elements, such as iron, stimulates primary 
production that trophically sustains enhanced 
populations of krill and predatory seabirds 

We conducted phytoplankton culturing ex- 
‘periments to evaluate the bioavailability of trace 
metals associated with the iceberg-bome terrig- 
‘enous material. The growth of the centric dia- 
tom Thalassiosira weissflogii was compared 
in media amended with no trace metals, a full 
‘complement of trace metals buffered with EDTA, 
‘or 10 mg per liter of media of fine temigenous 
particles (<63 jum) collected from iceberg frag- 
‘ments adjacent to W-86 (/8). Diatoms grown in 
metalfive media amended with iecberg-bome 
temrigenous material grew at a moderate specific 
rate of 0.49 per day (a doubling time of 1.4 days), 
reaching a concentration of 28,000 cells per ml 
by the end of the 10-day incubation (Fig. 4). In 
contrast, cells grown in media prepared without 
metals achieved one cell division before be- 
‘coming severely metal-timited and slowly sen- 
cescing for the remainder of the 10-day incubation 
period. The initial cell division was likely 
‘enabled by Fe and other bioactive metals (c 
Man. Cu, Zn) stored in the cells before resuspen 
sion in the metal-ffee media. These cultures 
served as a negative control, demonstrating the 
Fimited growth of these cells in trace metal-free 
media. The highest growth rates for T- weis 
Mogit occurred in metabreplete media (Fig. 4) 
and were similar to those measured by other 
researchers for this isolate under metal-replcte 
conditions (27). 

Although isolated fiom a coastal environ- 
ment, 7 weissflogit has been used in numerous 
studies of Fe availability and uptake, and it is 
representative of a class of phytoplankton that 
‘compris a critical component of the export pro- 


Fig. 4. Cell density of the 
diatom T. weissflogit grown 
ineither metal replete artifi- 
cial seawater media (quill, 
media prepared without 
the addition of any trace _ 
metals (Aquil~TM), or me- 
dia without added metals g 
but amended with 10 mg 
‘of washed terrigenous ma- 
terial from iceberg W-86 
per liter of media (Aquil — 
TM + terrigenous materia). 
Cells were grown at 15°C 100 


under 300 mol quanta 
ms“ on a 14:10 light: 
dark schedule. Cels were pre- 
acclimated to metal-deplete 


2 7 ts : 0 
Tere (days) 


‘media for more than five generations before rinsing and resuspension into each treatment. Cell density 


‘was assayed with a Coulter Mul 
of triplicate cultures. 


sizer Il electronic particle counter. Each data point is the mean (SE) 
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duction in the Southem Ocean. Previous studies 
with 7. weissflogii concluded thatthe diatom was 
unable to directly access colloidal or patticulate 
Fe (28, 29), indicating that Fe must dissolve 
before transport across the cell membrane, Pos- 
sible mechanisms of dissolution include thermal 
issolution (28), photoreduction (30, 32), and 
‘complexation with siderophores or similar or- 
‘ganic ligands (32). Each of these mechanisms 
‘could occur in the culture flasks of the experi- 
‘ment or naturally in the Southern Ovean, 
Population of icebergs. To address how 
lange an “area of influence” was exerted by the 
two iocbergs on the surrounding pelagic zone, we 
estimated the biological enrichment associated 
with W-N6 and A-S2 to be the aerial surfivee area 
of each iceberg, depicted as acre, the radius of 
Which was increased by an additional 3.7 km [the 
distance beyond which macrazooplankton and 
‘mictonckton abundance and displacement vol- 
uume decreased t0 apparent background levels 
(Fig. 3, Eto H)], The estimated enrichment 
area was 47.7 km? for W-86 and $77.2 km? for 
‘A-S2. Whether these icebergs have an entrained 
«aca of influence or a much larger impact, include 
ing a "wake" of enrichment, is yet to be resolved. 
Our results show that the estimated area of 
influence of icebergs W-86 and A-S2 was quite 
extensive. To obtain broader spatial perspec 
1 processed the RADARS 
Wideband satellite image closest in loc 
and time to our study sites (Fig. 1A; image 
number R1S378; 22 Feb 2006). The area 
processed, 11,265 km, contained 962 detect- 
able iechergs free of pack ice, each 20.01 kim? in 
area (18). More than 99% ofthese iecborss were 
<0.88 km? in area, With an area of 0.12 km?, 
V-86 falls within this size range, but A-S2 was 
such langr (fig. S3A), The total area covered 
by all the icebergs, $0.8 km?, was only 0.4 
of the total area surveyed in the satellite image. 
However. our stay has shown that there is 
zone of biological influence that can extend ~3.7 
‘km in radius from icebergs in the >O.1-km? size 
range, To estimate this expanded zone of bio- 
logical influence, we assumed that each of the 
0.1-kin? icebergs in the satellite image was 
circular in area; the radius of each circle was thus 
caleulated and expanded by 3.7 km and then the 
new area was recalculated (fig. S3B). A total of 
89 icchergs fell within this langer size range, and 
their combined area of influence was 4387 km?, 
equaling 39% of the arca surveyed in the satellite 
image. Obviously, this area of infh 
increase substantially ifthe remaining 873 ice- 
beres <0.1 km? were included in this analysis. 
‘These calculations strongly support the con 
tion that free-drifting ivebengs can have a very 
‘pronounced impact on the pelagic ecosystem, Fur- 
thermore the proliferation of icebergs associated 
with global warming should markedly increase 
their influence on the Southem Ocean ecosystem, 
Conclusions. We envision free-drifting ice- 
‘ergs inthe Weddell Sea.as hot spots of continual 
‘micronutrient release that sustain the accompany 
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ing epibiotic and pelagic communities. These 
icebergs can be compared to estuaries that supply 
surrounding coastal regions with nutrients. In that 
respoct, icebergs may be thought of as “Lagran- 
‘gian estuaries.” drifting through the Southem 
‘Ocean while enriching the surounding pelagic 
zone, Our preliminary studies suggest that free- 
rifling icebergs and their associated communities 
‘could serve as areas of inereased production and 
‘sequestration of organie carbon to the deep sea, a 
process unaccounted for in curent global carbon 
budgets (33). 
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The Product Space Conditions the 
Development of Nations 


C. A. Hidalgo,'*t B. Klinger,?* A-L. Barabasi,” R. Hausmann” 


Economies grow by upgrading the products they produce and export. The technology, capital, 
institutions, and skills needed to make newer products are more easily adapted from some products 


than from others. Here, we study this network of relatedness between products, or “product space, 


finding that more-sophisticated products are located in a densely connected core whereas less- 
sophisticated products occupy a less-connected periphery. Empirically, countries move through the 
product space by developing goods close to those they currently produce. Most countries can reach 
the core only by traversing empirically infrequent distances, which may help explain why poor 
countries have trouble developing more competitive exports and fail to converge to the income 


levels of rich countries. 


‘es the type of product that a country 
De 

performance? The fathers of development 
‘economics held that it does, suggesting that indus- 
trialization creates spillover benefits that fuel sub- 
sequent growth (/-3). Yet, lacking formal models, 
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mainstream economic theory has been unable to 
incorporate these ideas. Instead, two approaches 
have bem used to explain a country’s pattem of 
specialization. The frst focuses on the relative pro- 
portion between productive factors (i.e. physical 
capital, labor, and, skills or human capital, infra- 
structure, and institutions) (4), Hence, poor counties 
specialize in goods intensive in unskilled labor and 
land, whereas richer countries specialize in goods 
requiring infrastructure institutions, and human ant 
physical capital, The second approach e _ 
technological differences (5) and fas to be com 
plemented with a theory of what undertes them. 
‘The varictics and quality ladders models (6, 7) as- 


sume that there 


is always a slightly more ad- 


countries can -move to, distega 
similarities when thinking about structural trans- 
formation and growth 

Think of a product as.a tree and the set of all 
products as.a forest. A country is composed of 
collection of ‘of monkeys that five on 
different trees and exploit those products. The pro 
cess of growth implies moving from a poorer part 
of the forest, where trees have little fait, to better 
parts ofthe forest This implies that monkeys would 
have to jump distances, that is, redeploy (human, 
‘Physical, and institutional) capital toward woods that 
are different from those currently under produc 
tion, Traditional growth theory assumes there is 
always tre within reach; hence, the sructure of 
this forest is unimportant. However, if this forest 
isheterogencous, with some dense areas and other 
morecleserted ones, and if monkeys «an jump 
only limited distances, then monkeys may be n= 
able to move through the forest I this is the ease, 
the structure of this space and a country’s orien- 
{ation within it become of great importance to the 
development of countries. 

In theory, many possible factors may cause 
relatedness between products, that is, close- 
ness between trees; such as the intensity of labor, 
land, and capital (8), the level of technological 
sophistication (9, 10), the inputs oF outputs in- 
volved in a product’s value chain (e.g. cotton, 
yam, cloth, and garments) (//), or requisite insti- 
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Fig. 1. The product space. (A) Hierarchically clustered proximity (9) matrix 
representing the 775 SITC-4 product classes exported in the 1998-2000 
period. (B) Network representation of the product space. Links are color coded 


with their proximity value. The sizes of the nodes are proportional to world 
trade, and their colors are chosen according to the classification introduced by 


Leamer. 
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tutions (12, 13). All of these are a priori notions 
‘of what dimension of similarity are most im- 
Portant and assume that factors of production, 
technological sophistication, or institutional qual- 
ity exhibit litle specificity. Instead, we take an 
agnostic approach and use an outcomes-tased 
measure, based on the idea that, if two goods are 
related because they require similar institutions, 
infrastructure, physical factors, technology, or 
some combination thereof, they will end to be 
Produced in tandem, whereas dissimilar goods 
are ess likely to be produced together. We call 
this measure “proximity,” which formalizes the 
ntuitive idea that the ability of a country to pro- 
‘duce a product depends on its ability 4 proxluce 
‘other products. For example, a country with the 
ability 10 export apples will probably have most 
‘of the conditions suitable 10 export pears. They 
‘would certainly have the soil, climate, packing 
technologies, and frigorific trucks. In addition, 
they woukl have skilled agronomists, phyto- 
sanitary laws, and trade agreements that could 
be easily redeployed to the pear business, If 
instead we consider a different product such as 
copper wires or home appliance manufacture 
all oF most of the capabilities developed for the 
apple business render uscless We introduce 
proximity ay the concept that captures: this 
intuitive notion, 

The concept of proximity. Formally, the 
proximity between products ¢ andj is: the 
‘minimum of the pairwise conditional probabil- 
ities of a country exporting a good given that it 
exports another. 


iy = min P(RCAN|RCAy), P(RCAY|RCAN)) 


Where RCA stands for revealed comparative 
advantage (/4) 


RCAeg 
Laleai) 
? Latei) 


\Which measures whether a country © exports more 
‘of good /, asa share of is total exports, than the 
“aver wry (RCA > Lot RCA < V). 
jemational trade data, cleaned and 
made compatible (5) through a National Bureau 
F Economic Research (NBER) project lead by 
enstra (/6), disagereyated according to the 
standardized International Trade Code at the 
four-digit level (SITC-4), providing for each 
‘country the value exported to all other countries 
for 775 product classes, With these data, we 
«calculated the 775-by-775 matrix of revealed prox- 
imities between every pair of products by using 
the equation above 
ically clustered version ofthe matrix 
1A). A smooth and homogenous 
Product space would imply uniform values (ho 
mogenous coloring), whereas a productladder 
model (7) would suggest matrix with high values 
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(or bright coloring) only along the diagonal. In- 
stead the product space of Fig. 1A appears to be 
modular (17, 18), with some goods highly con- 
nected and others disconnected, Funhermore, as a 
‘hole the product space is sparse, with oy die 
tnibuted according toa broad distribution (ig. S2) 
with 5% ofits cements equal to zero, 32% of 
them smaller than 0.1, and 65% of the enties 
taking values below 0.2. These substantial number 
Of negligible connections eal for a network rep- 
resentation (19), allowing us 10 explore the 
structure of the product space together with the 
Proximity between products of given classifica 
tions and participation in world trade. To offer a 
Visualization in which all 775 products are in- 
cluded, we reached all nodes by calculating the 
maximum spanning tree, which includes the 774 
links maximizing the te's added prowimity (ig 


‘S4) and superposed on it all links witha proximity 
larger than 0.55 (igs. SS and $6). This set of 1525 
links is used to visualize the structure of the fill 
proximity matrix, which is far from homog 
and appears to have a core-periphery structure 
(Fig. 1B), The core is formed by metal products, 
machinery, and chemicals, whereas the periphery 
is formed by the rest of the product classes. The 
‘Products in the top of the periphery belong to fish- 
ing, tropical, and ceral agriculture, To the eft 
thaw is a strong peripheral cluster formed by 
gaments and another one belonging to textiles, 
followed by animal agriculture. The bottom of the 
network shows a lange electronics cluster, fol- 
lowed to the right by mining, forest, and paper 
products 

The network shows clusters of products some- 
‘what related 10 the clasification introduced by 


Fig. 2. Localization of the productive structure for different regions of the world. The products for 
which the region has an RCA > 1 are denoted by black squares. 
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Leamer (8), which is based on relative factor in- 
‘ensitics (able $1 and fig. $8), that i, the weative 
amount of capital, labor, land, or skills required to 
produce each product. Although the classification 
performed by Leamer was done with a different 
methodology, the agreement between it and the 
structure of the product space is striking. Yet it 
also introduces a more detailed split of some pro- 
duct classes, For example, machinery is naturally 
split into two clusters, one consisting of vehickes 
and heavy machinery and another one belonging 
to electronics, The machinery cluster is imerwo- 
ven with some capitabintensive metal products 
but is not tightly connected to similarly clasificd 
proxluets such as tetiles. 

‘The map obtained can be used to analyze the 
evolution of a country’s productive structure, 
For this purpose we held the product space 
fixed and studied the dynamics of production 
\ithin it, although changes in the product space 
represent an interesting avenue fir future re 
seareh (20), 

‘The pattern of specialization for four regions 
in the product space is shown in Fig. 2 (27). 
Products exported by a region with RCA > 1 are 
shown with black squares. Industrialized coun- 
tries occupy the core, composed of machinery, 
metal products, and chemicals. They also partic~ 
‘more peripheral products such 
forest proxlucts, an! animal agriculture 
‘countries have developed RCA in the garments, 
electronics, and textile clusters, whereas La 
America and the Caribbean are firther out in the 
Petiphery in mining, agriculture, and the gar 
ments sector, Lastly, sub-Saharan Africa exports 


Fig. 3. Empirical evo- 
lution of countries. (A) 
Examples of RCA spread- 
ing for Colombia (COL) 
and Malaysia (MYS). The 
«olor code shows when 
this counties fist de- 
veloped RCA > 1 for 
products in the gar- 
ments sector in Colombia 
and inthe electronics, 
clister for Malaysia, (B) 
Distribution of density 
(for transition products 
‘and undeveloped products 


few product types, all of which are in the far 
Periphery of the product space, These results in- 
dicate that cach region has a distinguishable pat- 
tem of specialization clearly visible inthe product 
space. Links to the maps for the 132 countries 
inchided in the study can be found in the Sup- 
porting Online Material (SOM) text 

‘Next, we show how the structure ofthe product 
space affects a country’s pattem of specialization 
Figure 3A. shows how comparative advantages 
evolved in Malaysia and Colombia between 1980 
and 2000 in the electronics and the garments 
sectors, respectively. Both countries follow a dif- 
fasion process in which comparative advantage 
move preferentially towand products clase 10 ex- 
isting goods garments in Colombia and cke- 
tronics in Malaysia, 

Testing diffusion. Beyond this graphical 
illustration, is it trie that countries develop 
comparative advantage preferentially in nearby 
goods? We used two different approaches to this 
question. First, we measured the average prox- 
imity of a new potential product / 1 a country’s 
urent productive structure, which we call 


where ot is the density around good j given the 
export hasket of the Ath country and xy = 1 if 
RCAy> 1 and 0 otherwise. A high density value 
imcans that the Ah country has many developed 
‘products surrounding the th procuct, To study the 
evolution of comparative advantage, We con 
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sidered “wansition products” as those with an 
RCAcy< 0.5 in 19M and an RCAg,> Vin 1995, 
a control, we considered “undeveloped products” 
those that in 1990 and 1995 had an RCAg, < 0S 
and disteganded those cases not fitting any of 
these two criteria, Figure 3B shows how density is 
cfstnbuted around transition products (yellow) and 
compares it to densities around undeveloped 
Products (red). Clearly, these distributions are very 
sisting, with a higher density around transition 
reduc than among undeveloped onc analysis 
of variance (ANOVA) P< 10), 

At the single product level, we considered the 
ratio between the average density of all countries 
in which the fh product was a transition product 
and the average density of all countries in which 
the fh product was not developed. Formally, we 


define the “discovery fh 


where T's the number of countries in which the 
‘Mh good was a transition product and Nis the total 
‘number of countries, Figure 3C shows the fe= 
quency distribution of this ratio, For 79% of 
products, this ratio is greater than 1, indicating 
that oy i greater in countries that transitioned 
ino the /* yood than in those that di not of 
substantially 

‘An alternative way of illustrating that coun- 
tries develop RCA in woods close te those they 


B 
" Transition 
08) [ll Undeveloped 
zs 


(© Distribution for the 
relative increase in density 
for products undergoing a 
transition with respect to 
the same products when 
they remain undeveloped. 
() Probabitty of develop- 
‘ng RCA given that the 
closestconnected product 
{sat proximity 0. (E) Rel- 
ative size of the largest 
connected component 


12345678 
4 


1 


‘Ng. with respect tothe total number of products in the system N 2s a function of link 0. 
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already had is to calculate the conditional 
probability of transitioning into a product given 
that the nearest product with RCA> 1 isata given 
6. There is a monotonic relationship (Fig. 3D) 
between the proximity of the nearest developed 
‘200d and the probability of transitioning into it 
Although the probability of moving into a good 


at = 0.1 in the course of S years is almost nil, the 
probability is about 15% if the closest good is at 
o=08 

Because production shifls to nearby products, 
‘we asked whether the product space is sufficient- 
ly connected that given enough time, all countries, 
‘can reach most of it, particularly the richest part. 


Lack of connectedness may explain the difficul- 
ties faced by countries trying 10 converge to the 
income levels of rich countries: they may not be 
able to undergo structural transformation because 
proximities are just too low. A simple approach is 
to calculate the relative size of the largest 
connected component as a function of @, ALO = 


A 

B c 
130 1 
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5 0 Pa 
8 Ee 
: 

5 eos 
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Fig. 4. Simulated diffusion process and inequality. (A) Simulated diffusion 
process for Chile and Korea in which we allowed countries to develop RCA in all 
products closer than © values of 055, 0.6, and 0.65. The number of steps 
required to develop RCA can be read from the color code on the bottom right 
‘comer, (B) Distribution for the average PRODY of the best 50 producs in a 
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‘countries basket before and after 20 rounds of diffusion. The original distribution 
‘is shown in green, whereas the one associated with the distribution after 20 
‘diffusion rounds with 9 = 0.65 & presented in yellow and 9 = 0.55 in red, (C) IQR 
of the distribution of the best 50 products after diffusing with a given @ 
‘normalized by the 1OR of the best 50 products in absence of diffusion. 
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0.6, the largest connected component has a 
negligible size compared with the total number 
of products (Fig. 3E), whereas for 9 = 0.3 the 
product space is almost fully connected, meaning 
that there is always: a path between two different 
products. 

We studied the impact of the product space 
structure by simulating how the position of 
countries evolve when allowed to repeatedly 
move to products with proximities greater than a 
certain gy. If countries diffuse to nearby products 
and these are suffi 
then aller several iterations, 
‘counties would be able to reach richer parts ofthe 
product space. On the other hand, if the product 
space is disconnected, countries will not be able to 
find paths tothe richer part ofthe product space, 
independently of how many steps they are al 
lowed to make, 

The results of our simulation for Chile and 
Korea are presented in Fig. 4A. Ata relatively 
low proximity (9, = 0.55), both countries are 
ble to diffe through to the core of the product 
space: however, Korea is able to do so much 
hanks to its positioning in core products. 
For higher proximities, the question becomes 
Whether a country can spread at all. At Oy = 0.6, 
Chile is able to spread slowly throughout the 
space, whereas Korea is still able to populate the 
core alter four rounds. At @ = 0.65, Chile is not 
able to diffuse, lacking any close-enough 
products, whereas Korea develops RCA slowly 
to a few products close to the machinery and 
‘electronics cluster, 

‘To generalize this analysis for the whole 
world, we needed a measure to summarize the 
Powition of a country in the product space. We 
adopted a measure based on Hausmann, Hwang, 
and Rodrik (23), which involves a twostage 
process. First, for every product we assigned a 
value, which is the weighted gross domestic 
product (GDP) per capita of countries with 
comparative advantage in that good, called 
PRODY (23), We then averaged the PRODYs 
‘ofthe top N products that a country has access, 
to afier &M iterations at @, and denoted it by 
< PRODY >X,, . Figure 4B shows the distri 
bution of < PRODY >4yo, for N= 50,.M= 20, 
and 9g ~ I (green), 04 = 0.65 (yellow ), and @= 
0.55 (red). The distribution for 9 ~ 1 allows 
us to characterize the current distribution of 
‘counties in the product space, which shows a 
bimodal distribution, a signature of a world 
divided into rich and poor countries with few 
countries occupying the center of the distribu- 
tion. When we allow countries to diffuse up to 

= 0.65, this distribution does not change sig- 
it shits slightly tothe right because of| 
jon of a limited number of sophis- 
ticated products by some countries. This iffue 
sion process, however. stops afiera few rounds, 
and the world maintains a degree of inequality 
similar to its current state. Contrary, when we 


20 in our exercise 


diffuse and reach the most sophisticated basket 


in the Jong run. Only a few countries are left 
‘behind, which unsurprisingly make up the poor- 
est end of the income distribution 

‘To quantify the Kevel of convergence we 
calculated the interquartile range (IQR) for the 
< PRODY >, distribution and normalized this 
quantity by dividing it with the IQR for the 
original distribution. Figure 4C shows that the 
convergence of the system goes through an 
abrupt transition and that convergence is possible 
iffcountries are able to diffuse to products located 
at a proximity 9> 0.65. 

‘The bimodal distribution of intemational in- 
come levels and a lack of convergence of the 
‘poor toward the rich has been explained by using 
‘geographic (24) and institutional (2, 13) argu- 
ments, Here, we introduced another factor to this 
discussion: the difficulties involved in moving 
though the product space. The detailed structure 
‘of the product space is shown here and, together 
with the location of the countries and the 
characteristics ofthe diffusion process undergone 
by them, strongly suggests that not all countries 
face the same opportunities when it comes to 
development. Poorer countries tend 10 be located 
in the periphery, where moving toward new 
products is harder to achieve, More interestingly, 
among countries with a similar level of develop- 
ment and scemingly similar levels of production 
and export sophistication, there is significant 
Variation in the option set implicd by their current 
productive structure, with some on a path 10 
continued structural transformation and growth 
and others stuck in a dead end. 

‘These findings have important consequences 
for cconomic policy, because the incentives to 
[promote structural transformation inthe presence 
of proximate opportunities are quite different 
from those required when a country hits a dead 
‘end. It i quite difficult for production to shift to 
products fir away in the space, and therefore 
policies to promote large jumps are_more 
challenging. Yet it is precisely these long jumps 
that generate subsequent structural transforma- 
tion, convergence, and growth 
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Single-Atom Single-Photon 


Quantum Interface 


Tatjana Wilk,” Simon C. Webster,” Axel Kuhn,? Gerhard Rempe™* 


‘A major challenge for a scalable quantum computing architecture is the faithful transfer of 
information from one node to another. We report on the realization of an atom-photon quantum 
interface based on an optical cavity, using it to entangle a single atom with a single photon and 
then to map the quantum state of the atom onto a second single photon. The latter step 
disentangles the atom from the light and produces an entangled photon pair. Our scheme is 
intrinsically deterministic and establishes the basic element required to realize a distributed 


‘quantum network wit 
quantum messengers, 


avity quantum electrodynamics with 
( individually addressable atoms emitting 
single photons on demand is expected to 
provide an ideal toolbox. for quantum network 
ing and finear optical quantum computing (/) 
First, using a single atom makes it possible to 
produce single photons (2-5) with controlled 
‘waveform and polarization (6). Such light fcks 
with zero muli-photon contribution are a key 
ingredient of sealable quantum networks (7)nd 
‘quantum repeaters (8), Second, the strong atorn- 
‘cavity coupling achievable in a high-finesse cavity 
allows the channeling of quantum information 
stored in atomic states into photons emitted in a 
well-defined diwetion, Compared with free- 
space schemes (9-/), this boosts the success 
probability by several orders of magnitude. It 
allows realizing deterministic protocols in quain- 
{um information seicne, in particular to entangle 
aan atom with a photon, may» quantum states be= 
tween different information carriers sueh as an 
atom and a photon, and generate mult-photon 
‘entanglement (/2). Related schemes have been 
demonstrated with Rydberg atoms. passing 
through a lossless microwave resonator (73). Their 
implementation ina dissipative optical cavity 
izenerates the flying photons required for the 
above-mentioned applications. 

We have walized the essential ingredient of 
an optical quantum network namely, an aitorn- 
photon interface—using a highefinesse optical 
cavity containing a single "Rb atom, Strong 
atomcavity coupling is achieved and allows for 
intrinsically deterministic photon emission. The 
triggered emission of a first photon entangles the 
internal state of the atom and the polarization 
state of the photon, In contrast to probabilistic 
‘experiments (9,17), the atomic state is not exam 
ined by using a shelving technique and detecting 
fuorescence photons. Instead, our scheme maps 
the atomic state onto the state of a second single 


‘Max-Plandcinsttut fir Quantenoptik, Hans Kopfermann- 
Strasse 1, 0-85748. Garching, Germany. “Clarendon 
Laboratory, Univesity of Oxford, Parks Road, Oxford OXI 
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ual atoms at rest as quantum memories and single flying photons as 


photon. Such a state mapping is feasible because 
the atom-cavity system generates single photons 
very efficiently in a well-defined mode, which 
can easily be observed. As a result of the state 
‘mapping a pair of entangksd photons is produced 
‘one emitted aller the other into the same mode. 
The polarization state of the two photons is 
analyzed by tomography, which also probes the 
prior entanglement between the atom and the first 
photon. Asa fist step toward local control of the 
rmmory qubit, we also show rotation of the 
atomic state between entanglement ereation and. 
state mapping. An extension of our scheme 
should allow stepwise enginecring of entanghed 
states with even higher photon number (/2) 
‘Our scheme (Fig. 1) shows a single "Rb 
‘atom coupled to an optical cavity and prepared 
in the F = 2, mp = 0) state of the $Syo ground 
level. With the cavity axis as quantization 
direction, the cavity suppons left- and right- 
handed circularly polarized” ankd o° modes. A 
polarized laser (resonant with the transition 
from F = 210 F*= 1 of the excited SPyq level) 
together with the cavity (coupling levels F = 1 
and F* = 1) drives a vacuum-stimulated Raman 
adiabatic passage (2. 14) 10 the F 
the ground level, Two different paths to states 


1) =F = 1, mp= £1) are possible, result 
in the generation of a & or a 6° photon, 
respectively. Afier photon emission the sys- 


tem is in the entangled state 


1) state of 


‘where the phase of the superposition is defined 
by the transition amplitudes from the |F=2, m= 
0) state to the +1) and |-1) states. 

To map the atomic stale onto a second 
Photon, a x-polarized laser resonant with the 
transition fom F = 1 to F’ = 1, again together 
with the eavity, drives a second! Raman adiabatic 
passage (Fig. 1B), The population in stat 1) is 
transfered to 0) = |F = 1, mp = 0) and a a* 
‘Photon is emitted, whereas the population in 1) 
is also transferred 10 0), but ao” photon is 
‘emitted. The atom-photon entanglement is there- 
fore converted into a polarization entanglement 
between two photons, 


1 
Moun 2 pont) = ) 


((0*.0°) ~ o",0*)) (2) 


While the atom is disentangle from the light 

In the experiment (Fig. 2A), a dilute cloud of | 
lascr-cooled "’Rb atoms falls through an optical 
high-finesse cavity (6), The maximum atom 
cavity coupling constant for the rele ne 
sitions has a magnitude g/2n = 3.1 MHz, and the 
cavity-field decay rate x and dipole decay rat 
the atom y are (x, yY2n = (1.28, 3.0) Mil, The 
atom flux through the cavity is 0 low (about two 
atoms per millisecond) that the probability of 
having two atoms during the transit time of 35 ps 
is negligible. Atoms are illuminated by laser 
pulses fiom the side, all polarized linearly along 
the cavity axis. Preparation of the initial state ts 
achieved by optical pumping with wo lasers, one 
resonant with the tansition from F = 210 F”= 2, 
the other coupling levels F= 1 and F”=2, Both 
lasers, applied simultancously for 2.8 js, have 
constant Rabi frequencies of 2x = 35 Mila 
Failure of the optical pumping d 
the measured entanglement fidelity, because 
aan atom in a wrong initial state ean only emit a 
photon in either the first or the second pulse, 
but not in both. Entangling and mapping laser 
pulses have a sin*(tfp) time dependence, with 
te = Jl ws. The peak Rabi frequency of the 
entangling pulse is 2x = 24 MHz. Because the 
‘mapping laser is resonant withthe cavity its peak 
is chosen to be lower (Q/2k = 9 
nt (via F”= 0) repeated, 


Wicaakoar +1,0°7) = |-1.6")) (1) ‘tation of the atom. Asa result, after detecting 
8 first photon we observe a second photon in the 
A Pst a — B _ 

2 — ee — 
between the atom and the ea _ - 
eed poten, seu Ses 1) 10) iD I) [o> 1) 
(B) mapping the atomic 
state onto the polarization M=Hera)-lo+1) 1)=3(0".0)-lo,07) 
‘state of a second photon. 


Entanglement i then shared between two fying photons, with the atom disentangled. 
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3 se with a probability of only 0.6% 
Entangling and mapping pulses are separated 
from cach other by an adjustable time interval, ts. 
‘so detected photons can clearly be assigned to the 
first or the second laser pulse. Figure 2B displays 
the pullse sequence and the measured photon 
arrival-time distribution, From a Hanbury Brown 
and Twiss measurement, we infer that the 
efficiency for generating a photon during the 
joned on the 


entangled photon pair. This includes the random 
Position of the atom and, hence, the random 
atom-cavity coupling constant, as well as 
imperfect state preparation. 

Photons emitted trom the cavity are circu 
larly polarized, but for technical reasons we ro 


A 


tate them into the lincar horizontal vertical (HV) 
basis before sending them through a single-mode 
‘optical fiber to the detection area. The detection 
efficiency fora photon emitted fiom the cavity is 
31%. To perform a full quantum state tomog- 
raphy, the photons are measured in several dif= 
ferent bases, selected by using different settings 
of half and quaner-wave plates (/6, 17) 
Because the photons are created in the same 
spatial mode, a nonpolsrizing beam spliter 
¢NPBS) is used to direct the photons randomly 
to one of two measurement setups. This allows 
cach photon to be detected in either the HV, 
cular rightieft (RIL), or linear diagonal 
‘antidiagonal (DVA) basis. 

Photons are produced and detected one afer 
the other. This allows probing of the coherence 
Of the atomic supemosition state after the cre 
ation of entanglement. Applying a constant mag- 


Single mode 


Fig. 2. Scheme of the experiment. (A) Laser-cooled atoms traversing the cavity are illuminated 
with laser pulses. Behind the cavity, the polarization of the emitted «*/c~ photons is rotated to 
linear horizontalvertical. Photons are then directed toward two detection setups for measurements 
in different polarization bases. Detection occurs with avalanche photodiodes (APDs). (B) Laser- 
pulse sequence and photon arrival-time distribution. The photon wave-packets duration is about 
300 ns. The displayed time windows are used in the evaluation. 


Fig. 3. Atomic state rotation. 
Alter detecting the first photon 
in the R/L basis (behind the 
fiber), the atom is projected into 
€ superposition state that is time 
dependent when a magnetic field 
along the cavity axis is applied 
here, ts = 2.8 is). Displayed is 
the contrast, V, as a function of 
the magnetic field, B. A cosine 
with a Gaussian envelope fits the 
data well. 


Contrast V 


09 
aa 


To 
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netic fick, B, along the cavity axis shifis the 
atomic states *1) and }-1) by an amount «and 
+A. respectively, with A= 2n « 0.7 MEG. Our 
scheme then generates photons with frequen 
linked 0 their polarizations, Specifically, o” 
photons have higher frequencies than 6” photons, 
This has no consequence for the time evolution 
ofthe entangled state, Eq, 1, because both parts 
of the superpasition state have the same energy. 
A frequency-insensitive detection of the first 
Photon with, eg. right circular polarization 
|H) +110) aller the fiber, however, 
Yate into a supeposition of 
1) with equal amplitudes, The energy 


+1)and 
difference between the atomic levels then leads 


10 a different time evolution of the two stat 
resulting in 


Mawel) =F (A41) ie) (3) 
v 


‘Subscquent state mapping transfers this state 
into the photonic state 


1 
\Vptevn 2(8)) = —e(eMja*) ~ieMa")) (4) 


‘which continues rotating until the second photon 
is detected, The total rotation angle, given by the 
time difference between the two photon det 
tions, depends on the separation, fs, betwe 
entangling and mapping pulses and the duration 
‘of the photon wave packet. Altematively, for a 
sziven time separation, fs. the time evolution can 
‘be controlled by the magnetic-ficld strength, This 
state rotation could be suppressed by ap- 
‘propriately delaying the first photon and consid 
ring only simultaneous photon-detection events 

To measure the rotation of the atomic state, 
\we observed both photons in the R/L basis, after 
rotating them from o"/0" 10 HWY, We define a 
contrast V = Py Pay ~ Phew Paars with Phy 
the probability of detecting both photons as 
{efi circular polarized (and analogous for Pan). 
etc.) For the state given in Eg, 4, one expects a 
cost24vs) dependence, Figure 3. shows the 
measured conirast asa function of the magnetic 
field for fixed fg = 28 jis. The oscillatory 
‘behavior is a manifestation of the phase rotating 
fat twice the Larmor frequency. For increasing 
field magnitude, the envelope of the oscillation 
decreases. This is due to the long photon wave 
packets produced in our scheme (Fig, 2B). As a 
result, the time interval between two photon 
detections covers a range of possible values, an 
thus the superposition state can evolve by 
differing amounts during this time. 

The density matrix of the entangled state 
aziven in Eg. 2 is obtained from a full quantum 
State tomography for B= O and ts = 1.3 sh 
this case, no time evolution occurs between the 
two photon detections, Figure 4A shows the ral 
pt of the density matrix reconstructed from the 
two-photon Stokes parameters, determined by 
measuring two-photon events in the four detec- 
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Fig. 4. Quantum state tomography. (A) Real part ofthe reconstructed density matrix for B = O and ts = 
1.3 js, Allimaginary parts (not shown) have a magnitude smaller than 0.03. Fidelity with the M™) Bell 
state is 86,0(4)%. About 2200 entanglement events were collected for each of nine measurement 
settings. (B) For B = -0.13 G and fs = 2.8 1, the atomic superposition state rotates by x. The observed 
data correspond to a IN") Bell state, with fidelity of 82.9(6)%. About 1800 entanglement events were 
‘obtained for each of six measurement settings. Al imaginary parts (not shown) have a magnitude smaller 
than 0.05. In (A) and (B), equal detection efficiencies forall detectors were assumed. 


tors (17), The resulting density matrix has ony 
positive eigenvalues, and hence it represents a 
Physically possible state. Is fidelity with respect 
to the expected Bell state, > from Eg. 2, is 
F = 86004 )% with 0 <F = 1 proving entan- 
ment (/8). From the density matrix, follow= 


ng (76), we derive a concurrence of C= 0.737), 
with 0 -< © <1 also proving entanglement 
Because of technical imperfections, eg., of 
polarizers in the detection setups, the observed 
fidelity/concurrence sets a lower bound for both 
the alom-photon and photon-photon entanghe 


ment achieved, The sime measurements were 
done for B= -0.13 G and fs = 2. js for which, 
the alomie superposition state accumulates a 
phase shift (compare to Fig. 3). Therefore 
density matrix corresponding to the Bell state 
vt) Ho") +|-I,6")) is expected 
‘This is indeed observed (Fig. 4B) witha fidel- 
ity of F = $2.9(6)% and a concurrence of C 


0.72(13). The state evolves between the two 
photon detections as a result of the constant 
magnetic fied 

jure experiments could produce a time- 
independent "Y") Bell state by applying a 
pulsed magnetic fick! to the atom between 
entanglement generation and state mapping. 
Moreover, partial driving of the Raman tran- 
sition in combination with atomic state manip- 
ulation should allow production of highly 
‘entangled multiphoton states. (/2), Our techni- 
que applied 10 4 quasi-permanently. trapped 
intracavity atom (3, 19) will push the proba- 
bility of success even further, making the 
scheme truly deterministic. Two (or more) such 
‘systems operated in parallel are perfectly suited 
for teleportation and entanglement experiments 
in a quantum network (20-22) or quantum gate 
‘operations in a distributed and, hence, scalable 
{quantum computer (23. 24), 
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Porous Semiconducting Gels and 
Aerogels from Chalcogenide Clusters 


Santanu Bag, Pantelis N. Trikatitis,2* Peter }. Chupas,? 
Gerasimos 5. Armatas,"* Mercouri G. Kanatzidis***t 


Inorganic porous materials are being developed for use as molecular sieves, ion exchangers, and 
catalysts, but most are oxides. We show that various sulfide and selenide clusters, when bound to 
metal ions, yield gels having porous frameworks. These gels are transformed to aerogels after 
supercritical drying with carbon dioxide. The aerogels have high internal surface area (up to 

327 square meters per gram) and broad pore size distribution, depending on the precursors used. The 
pores of these sulfide and selenide materials preferentially absorb heavy metals. These materials 
have narrow energy gaps (between 0.2 and 2.0 electron volts) and low densities, and they may be 
Useful in optoelectronics, as photocatalysts, or in the removal of heavy metals from water. 


mnie porous materials are at the fun- 
[es of broad applications such as. mo- 
Jecular sieves, ion exchangers, and catalysts 


(J. 2). Zeolites and aluminosilicate mesoporous 
materials constitute the vast majority ofthis class. 
Acrogels are another kind of porous inorganic 


amorphous polymer in which nanosized blocks 
are interconnected 10 yield high intemal surfice 
area, very low densities, and lange open pores 
(3.4). Although the sol-gel chemistry of oxide- 
based materials (e.z.. SiO, AhOs, Tis) and 
carbon (5) is well known, successful attempts 
to apply this approach to non-oxide-based sys 
tems are quite rare, especially for chaleogen- 
ides, Such systems would be capable of 
combining the electronic properties of chaleo- 
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gnides with intemal porosity: Acrogels based We report on siratezy to create highly gels was prepara in aqueous solution with an- 

‘on aggregated simple binary nanocrystals (c.g... porous semiconducting acrogels derived from — ionic [MQs]*, [MaQel”. and [MsQuol” (M = 

CdS, CdSe) and on amorphous GeS> have been chalcogenide-based clusters and platinum as the Ge, Sn; Q = S, Se) buikling blocks (Fig. 1A) in 

reported (6, 7) Tinking metal ion (8). A family of chakogenide — the presence of platinum (I) sal, according to the 
following metathesis reactions 


Fig. 1. (A) Different build- 


ing blocks used in chalcogel a (RNY MAQyo] * 2KaPICL 

eal entry tel ere ite SPyMOnl AKCIARNCL «dy 
chalcogenide atoms). (B and ‘ mers 

©) Monolithic hydrogel be- Ka[MzQo] * 2KPICL 


fore (B) and after (O super- = Ph{MaQe] # KCI 2 
caitical drying, showing very 
little volume loss, 

AalMQu] * 2KaPtCly 


= PulMQy] | 4KCL 4ACI oh 


‘where R= methyl, ethyl: M = Ge, Sn: Q=S, Se: 
and A= Na, K. In these reactions (¢.8. E. 1), 
all chloride ligands of [PC14)?" can be replaced 


Table 1. Elemental analysis, colors, and optical energy gaps for the chalcogel series. by the Q temminal atoms of chalcoxenido elus- 
ital serge gop STR EMS nals wth 9 Ola of 

Pal M,Qyo]. Energy-dispersive spectroscopy 

Soe) eae fonda sss {eV) (EDS) revealed that two platinum atoms per com- 
Chalcogel-1 —_[GeeSsol™ Phe oGeaSy. Pinkish brown 20 plex anion are incorporated in almost every ease, 
Chalcogel-2 _(GeaSerol* PraoGeaSeay Black 13 giving achange-balanced formula (Table 1), K” or 
Chaleogel-3 —_[SngSerel*~ PtasSraSen.7 Black 10 CT ions, used as counterions in the synthesis, 


Chaleogel-4 —_[Sn,Seql*” Pts aSnaSes.7 Black 8 _were not detected in the product—a result con- 
Chalcogel-5, [snseq)* Ptr.oSnSes.o Black 02 sistent with complete metathesis. This linking’ 
Chaleogel-6 —__[SnSul*~ PhiaSNS49 Dark pinkish brown 14 polymerization reaction produced a continu 
Based on EDS resus ited values ae an average af seven measorements on lodepeedenty prepared samples, ‘ous, extended PUM/Q framework of covalently 


bonded atoms that encapsulates solvent mole 
‘cules into their pore system during the process 
polymerization and finally makes hydrogels (fig. 
SI, A to), Because the gels formed ane based 
fon all-chaleogenide species, we term these 
hydrogels “chaleogels” by analogy to the naming 
‘of eyanogels (9) Table 1 lists the six chaleo 
wwe developed and the Zin anion incorporate in 
each case. 

Atter supercritical drying with COs, these 
chalcogels yield highly porous aerogels (Fig. 1, B 
and C) (0), All samples showed consistent 
PUMQ (M = Ge, Sn: QS, Se) ratios very close 
to those in the starting clusters. However, slight 
cies were observed for Chaleogel-3 and 
Which might be due to solution 
uilibrium processes 

Transmission eketron microscopy (TEM) 
images of our acrogel samples revealed empty 
mesopores with no long-range order (Fig. 2 
A to C), Indeed, they appear to be morpho- 
logically similar to the silica aerogels where 
frac are connected to each other, making cen 
tinuous amomhous (Fig. 2D) networks. The mito 
and mesopoosity were confinned by nitrogen 
“453045 6075 90 105 Physisorption measurements. ‘The adsorption- 

<desomption isotherms show a type IV adsomption 
branch with a combination of H1- and H3-type 
hysteresis loops characteristic of an intercon- 
the meso- and macrophase regime are clear from these pictures, although they are not ordered. (C) nected mesoporous system (Fig. 3) (J). This 
TEM image of Chalcogel-2 shows small pores inside the particle. Large macropores ae absent here.(D) indicates that the mesopores have cylindrical and 
Wide-angle powder x-ray diffraction data for Chalcogel-1. The amorphous nature ofthe aerogel and slitshaped geometries. Pore size distribution 
the lack of other crystalline phases are obvious. plots calculated by the Barrett-Joynes-Halenda 


Intensity (arb. units) 
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(BIH) method (12) fiom the desorption branch 
suggest the presence of broad range of pore sizes 
inthe meso region (fig. SI, Dand E), Additionally, 
theabsence of saturation inthe adsomption isotherm 
implies the simultaneous presence of macropores 
(pore diameter >30 nm) in the simples, which 
Would be consistent with the aetogel nature of 
these caleogenides. 

Brunauer-Emmett-Teller (BET) surface areas 
‘obtained from the aerogels range from 108 to 327 
mig, depending on the chaleogenide cluster 
(Table 2), The surface area of 327 m?g obtained 


formula weights of these chaleogets are high, on 
a permole bi urfiee ana values are 
actually yery lange. The siliea equivalence (/2) 
BET surface ara of Chalcogel-2 is 1674 mig. 
and that of Chakcogel-3 is 1580 m?/g (Table 2), 
Values for silica aerogels range from 100 0 1600 
m?/g and typical values are 600 mg. The bulk 
density of these chalcogels is very low; for ex 
ample, Chalcogel-! showed 0,12 to 0.17 gem? 
with a skeletal density of 3,1 g/cm’, 

‘To probe the local structure of the amorphous 
srogels, we used the atomic pair distribution 
function (PDF) (/3) technique, which analyzes 
both diffuse and Bragg seattering by recovering 
alomttom correlations in eal space in the fom 
‘of a radial distribution function, A. single 
‘gomelation occurring at 2.36 A is evident in the 
PDF of Chalcogel-1 (Fig. 44), corresponding to 
the first-ncighbor Ge-S and PES bond distances. 
A clustering of corelations is evident around 
3.52 A, which corresponds to the second- 
neighbor Ge-Ge, SS, and PrGe distances. 
The PDF of Chaleogel-2 is remarkably similar to 
that of Chaleogel-t. although it exhibits a shit in 
correlations to longer interatomic distances ras a 
result of the larger atomic radius of Se versus S. 
Again a single correlation is evident in the PDE 
‘of Chaleogel-2 at 249 A (Ge-Se and Pt-Se bond 
distances), and several appear centered around 
3.75 A. The higher intensity of the first 
correlation in Chaleogel-2 arises trom the langer 
scattering factor of Se over that of S. Both PDFs 
show a lack of welkdefined features past 6 A that 
suggests a lack of long-range translational 
symmetry. However, a well-defined local struc- 
ture is evident from the PDF and clearly shows 
that the adamantane clusters remain intact. The 
splitting ofthe correlations (3.52 A and 3.75 Ayis 
likely due to sublle distortions, arising from 
linking of the adamantane clusters, that ulkimate- 
ly disrupt the long-range translational symmetry. 
The PDF data, together with the complete me- 
tathesis chemistry, elemental analysis, and x-ray 
photoelectron spectroscopy (XPS) (fi. $2}, suz- 
‘gest a nonperiodic structure ofthe type shown in 
Fig. 4B, Further suppor for the integrity of the 
starting clusters in the final acrogels was pro- 
Vided by nuclear magnetic resonance (NMR) 


(fig. S3), electrospray ionization mass spectros 
copy (ESFMS) (fig. S4), and infrared spectros- 
copy (fig. SS). 


The chalcogels showed a remarkably high 
capacity for removing heavy metals from con- 
taminated water. For example, starting with water 


Volume adsorbed (cc//g.) 


i 
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Fig. 3. Nitrogen adsorption-desorption isotherms of (A) Chalcogel-1 and (B) Chalcogel-2 at 77 K 
(solid circles, adsorption data; open circles, desorption data), Samples were degassed overnight at 


348 K before testing. 


Table 2. Nitrogen adsorption-desorption data for the chalcogel series. 


Surface area, silica 


Adsorption total pore 


equivatence (im?/g) volume (cm?/g)t 
276 to 323 WOi2 to 1184 059 t0 0.73 
282 to 327 1444 to 1674 0.64 10 0.85 
196 to 271 1143 to 1580 0.52 to 0.70 
225 to 229 1296 to 1319 0.48 to 0,52 
210 to 211 1441 to 1448 0.44 to 0.48 
108 to 117 467 to S06 0.21 to 0.23 


“The independently prepared samples were menvared. 


1Siogle-point adsorption total pove volume was calculated at relative presure (PP, of 097. 
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Fig. 4. (A) Reduced atomic pair distribution function Gi) of Chalcogel-t (black line) and Chalcogel-2 
(red dashed line) a5 a function of interatomic distance r. (B) Interatomic distances (in angstroms) are 
showin for the [GeaSio]*~ cluster in the proposed Chalcogel-1 structure. (C) Ultraviolet-visible electronic 
absorption spectra of (a) Chalcogel-l (red dashed line), (b) Chalcogel-2 (blue dastrdot line), (c) 
Chalcogel-3 (magenta dashed line), (d) Chalcogel-4 (purple dotted Line), (e) Chalcogel-5 (green dashed 


line), and (f) Chalcoget-6 (violet dash-<dot line). 
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‘contaminated by 645 parts per milion (ppm) He, 
10 mg of Chakogel-l removed Hy" down 10 
concentration levels of ~004 ppm (1). Whereas 
mesoporous silicates neal to be functionalized 
With surface-modified thiolate ligands before 
application toward environmental remediation 
(23), the chaleogels work directly as. potential 
adsorbents for Hz (/6) without prior medifca- 
tion of theirsurfiee. The detailed mechanism of 


In contrast to the unmodified silica aerogels 
which generally have hydrophilic surfices and 
tend to be unstable under a humid atmosphere 


the chaleogels present hydrophobic surfaces 
lined with chaleogen atoms and are immune to 
h 


h humidity (/7). Thermal gravimetric analysis 
ndicates that the aerogels are stable to. 180°C 
6). Asa demonstration of its high affinity 
hydrophobic species, Chaleogel-I absorbed. 
‘quantitatively all of pomphyrin 1 from a 5.67 
jumotliter ethanolic solution within 24 hours G0 
img of Chaleogel-1 was shaken continuously in 
16 mi of the porphyrin solution) 

‘The chaleogels absorb light in the visible and 
nffared regions, exhibiting sharp energy gaps from 
2.0 eV to OX eV (Table 1) as determined by 
eflectance solid-state uitraviolkt-visible 
ctroscopy (Fig. 4C), Only 

‘ogel-S gave a broad absomption with a band 
of 0.2 eV. The optical properties ofthe highly 
Porous semiconducting aerogels can be tuned by 
changing the building block. Going fiom the S to 
the Se analogs of the adamantane cluster, the 
‘energy gap decreases as expected. Also, by chang: 
ng the group TV metal in the cluster fiom Ge to Sn, 
the energy gap is decreased by 0.3 eV. Similarly, 


the band gap can ako be changed by varying the 
chakogenide content per metal in the stating 
<husters. This is well reflected in the observed band 
gaps of Chaleogel3, -4, and -S, where the Se 
content per Sn atom is increased gradually and 
shows a narrowing of the enerey gap. 

Given that iti difficult 1 remove surfactants 
from mesostructured chalcogenide materials 
(8-22), the strategy reported here represents 
‘convenient and general route for making porous 
materials with chalcogenide-based clusters. Be- 
cause of the availability of a large number of 
soluble chalcogenido clusters, together with 
various linking transition and main-group metal 
ions, our approach seems to offer a general 
technique for preparing broad classes of porous 
chaleogenides 
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Stabilization of Labile Carbonyl 
Addition Intermediates by 
a Synthetic Receptor 


Tetsuo Iwasawa, Richard J. Hooley, Julius Rebek Jr.* 


Products of unfavorable chemical equilibria are not readily observed because their high 


‘energy and increased reactivity result in low concentrations. 


logical macromolecules use 


binding forces to access unfavorable equilibria and stabilize reactive intermediates by isolating 
them from the medium. In a similar vein, we describe here a synthetic receptor that allows 
direct observation of labile tetrahedral intermediates: hemiaminals formed in the reaction of an 
aldehyde carbonyl group with amines. The receptor encapsulates alkyl-substituted primary 
amines, then orients them toward a covalently tethered aldehyde function. The hemiaminal 
intermediates appear at high concentration, confined from the bulk solution and observable at 
ambient temperature by conventional nuclear magnetic resonance spectroscopy. 


any intermediate stages between 

starting materials and products. The 
reactive intermediates at such stages are gener- 
ally not observed directly, because their concen- 


C= reactions often proceed through 


trations are vanishingly small, but are treated 
through steady-state approximations and do- 
tected by kinetic or other methods (1, 2). The 
reaction of carbonyl compounds with nucleo- 
philes invariably involves an addition step that 


ives an unstable tetrahedral carbon int 
mediate followed by an elit 

example, the reaction of primary amines with 
akichydes to give imines (Fig. 1) proceeds 
through an intermediate hemiaminal (3), The 
process is catalyzed by acids or bases, and the 
proton transfers involved generate additional 
transient, charged intermediates, The hemia- 
inal is, except in very special cases (4-6), not 
observed. It is energetically disfavored, because 
the cost of breaking the carbonyl x bond and the 
entropic price of bringing the two reactants 
together are not compensated by the new 
covalent bonds formed. Accordingly, the un- 
stable hemiaminal dissociates to starting mate~ 
rials or proceeds to imine with loss of water. We 
tailored a molecular receptor to favor formation 
of this intermediate and found that the hemia- 
‘minal was stabilized for minutes to hours, long 
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enough to characterize by nuclear magnetic 
Fesonance (NMR) spectroscopic methods. 

We chose as a receptor motif a deep, self 
folding cavitand. Cavitands are open-ended 
structures that recognize and reversibly bind 
molecules of appropriate size, shape, and 
chemical complementarity (7, 8), Synthetic 
receptors such as these are well known to sereen 
Unstable species from the external medium and 
prolong theirlifetimes (9-14), Examples include 
the isolation of iminium ions (9) and sitoxanes 
(2) from the surrounding aqucous environment 
In these eases, the receptor functions solely as 3 
shield, protecting the kinetically stable but 
Water-sensitive guest from reaction with the 
‘outside medium, Enzymes, in contrast, stabilize 
kinetically labile intermediates by providing 
functional groups that actively lower the enenzy 
‘of a bound transition state, via hydrogen 
bonding or other weak intermokeular fore 
The cavitand is in several ways reminiscent of 
‘an enzyme active site, comprising & hydropho- 
bic cavity, @ secondary amide scaflold, and 
inwardly directed functional groups folded 
around the substrate. Detection and analysis of 
reactive intermediates in biological systems is 
essential for the accurate determination of 
enzyme mechanism, but the high activity of 
mes has made such observations difficult, 
crystallographic analysis of tetrahedral 
inlemmediates inside the active site of D- 
deoxyribose-S-phosphate (DRP) aklolase has 
been possible at eryogenic temperatures or via 
selective mutation to prevent the enzyme from 
‘completing the reaction (/5, 16), The system we 
deseribe hore is similar in action to a mutant 
DRP aldolase in which only the first half of the 


amine-catalyzed aldol reaction occurs. The 
difference is that the stabilization of the kineti- 
‘cally unstable hemiaminal occurs at room tem- 
perature in millimolar concentrations: our system 
does not require cryogenic cooling in order to 
fobserve the intermediate. In certain cases, the 
intermediate hemiaminal species is observable 
for more than 3 hours. 

We prepared cavitand 1 by the condensation 
‘of known diamine 2 (17) and dialdchyde 3 using 
air as the oxidant (Fig. 2) (78). The cavity of Lis 
lange enough to surround a single small moke- 
cule guest and orient it toward an inwardly 
dinccted alichyde group. The cight benzene 
rings act as a fixed solvent cage, and the 
intramolecular hydrogen bonds of the secondary 
amides help maintain the vase-like conformation 
(19), When isobutyl amine is added to a solution 
of 1 in mesitylene-dy> (a solvent that does not 
‘compete for cavitand binding). a complex forms 
upon mixing. The 'H NMR spectra (Fig. 3 and 
figs, $2 S9) show features typical of bindin 
Separate sets of resonances are observed for free 
and encapsulated amine (Figs. S2to $9), because 
the rates of guest exchange in and out of the host 
capsules are slow on the NMR time scale. In 
addition, the amine chemical shifts reflect the 
‘orientation in the cavity: The resonances of the 
apolar CH groups of the bound amine guests 
show large upfield shifts [A3 = -4 parts per 
inillion (ppm)]- consistent with their positioning 
near the bottom of the cavity, where the many 
‘aromatic rings create a magnetically shielded 
environment. Likewise, polar functions of the 
guests are attmeted to the scam of hydrogen 
bbond donors and acceptors at the rim of the 
avitand. Within 2 min of mixing, both the 
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Fig. 1. Mechanism of imine formation from a primary amine and aldehyde. Charged intermediates 


‘are not shown. 


surrounded amine 4 and the corresponding 
hemiacetal $ are evident in the spectra, The 
tctrahedral intermediate 5 (with the hemiaminal 
[proton resonance at 4.6 ppm) shows a half-life 
(2) of 30 min and gradually undergoes 
dehydration to the imine 6, The different 
complexes display peaks for both cavitand and 
guest with different shifts, leading 0 rather 
‘complex spectra. Figure 3 shows the change in 
thnee of these peaks over time; benzimidazole 
proton H, (Fig. 2) is the most representative 
cavitand-based signal because itis distant from 
the other NH peaks, so the changes are easily 
visible. The most relevant guest peaks are the 
terminal Cy groups of the amine. The arrange- 
ment of hydrogen bonds around the rim of the 
cavity of 1 creates. an asymmetric: magnetic 


environment that is stable on the NMR chemical 
shift time scale, As a result, the amine methyl 
groups become diastereotopic upon confine- 


ment inside the cavity (even before covalent 
attachment and hemiaminal formation) and x0 
exhibit separate NMR signals. Each complex 
shows two different doublets for these methyl 
groups (the signal for one methy! in complex 
4 is buried beneath the hemiaminal signal 8 = 

3.29), The chemical shift of these methyl 
groups is dependent on their position in the 
«avitand base; the deepest bound methyls exhibit 
the most upficld shift, In. the noncovalent 
complex 4 and the hemiaminal 8, one of the 
imathyls is positioned deeper inside the eavity 
than the other, and their resonances are separated 
bby 0.2 ppm. In the ease of imine product 6, the 
methyl groups are less separated, and the two 
doublets are overlapped and appear similar to a 
triplet. The splitting of the signal for the C-1 
‘bond of the hemiaminal reflects the formation of | 
new asymmetric center (and hence two 
diastereomers) and the lange (12 Hz) vicinal 
«coupling to the remaining hydrogen of the amine 
(no coupling is seen to the OH), A view down the 
GN bond (7) is shown in Fig. 44. Hemiaminals 
‘were also observed within 1 by using isopropyl 
amine, n-propylamine, and n-butylamine (lies. 
'S6 10 $9). In the later two eases, the initial 


=Cy4Ho3 


Fig. 2. Synthesis of cavitand 1. Some peripheral groups were removed for clarity. Et, ethyl group. 
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noncovalent complexes were too short-lived to 
observe, and only hemiaminal and imine were 
seen, The isopropylamine hemiaminal was the 
longest lived, with a fra = 90 min. 

Unstabilized hemiaminals have previously 
been observed very infrequently and only under 
specialized conditions of highly polar solvents, 
derivatized starting materials, and high concen- 
trations (4-6), Our control experiments in the 
absence of cavitand showed no observable 
by NMR spectroscopy under the 

as uscd! here, On mixing 10 mM 1 
and 1,5 mM 9-anthraklchyde, we 


‘observed only the slow formation of the imine in 
the NMR spectrum. At these concentrations of 
amine and reveptor I, the rate of imine formation 
0 times faster inthe cavitand, In contrast 10 
the steady state behavior that governs the 
formation of many reactive intenediates, the 
‘concentration of the hemiaminal inthis case was 
seen o build up and decline overtime (fig $10). 
The noncovalent complex persisted at low 
concentration, and the ratio of hemiaminal to 
complex was constant after equilibrium was 
reached. The equilibrium constant for the 
internal reaction is K = 1 


REPORTS. iH 


How does the cavitand stabilize the othenwise 
elusive hemiaminal intermediates? Previous 
Studies. with analogous receptors (lacking the 
imroverted aldchyde functionality) show that the 
cavitand folds around the amine and isolates it 
from the bulk solution in an ordered cage of 
aromatic rings and secondary amide groups 
(20, 21), When the aldehyde function is 
Positioned over the cavity, itis held close to the 
‘guest inside, and the reaction becomes almost 
intramolecular from an ct standpoint, 
Jowering the barrier to bond formation, The 
secondary amides are poised to stabilize the 
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a 
sai | 
I }\ 


Fig. 3. The reaction in the cavitand. Representation ofthe reaction process and complex 4, @ hemiaminal intermediate 5, and A i 


jon of isobutylamine 


ine product 6. (A) Downfield 


region showing benzimidazole proton H, (Fig. 2); (B) mid-ield region showing 


(20 mi) to a 1.5 mMt solution of cavitand 2 in mesitylene-d,s. m hostguest hemiaminal CH, (C) upfield region showing Mec. Me, methyl group. 
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Fig. 4. (A) Conforma- 
tion of the hemiaminal 
stereocenter inside the 
‘complex as viewed down, 
the newy formed NC 
bond (one of two poss 
bie enantiomers is shown); 
(®) other amines for which 
hemiaminat formation 
is observed; (© represen 
tation of the cavitand- 
free control reaction. Pr, 
propyl group. 


tetrahedral intermediates through hydrogen 
bonding, which also reduces the enthalpic price 
fof the reaction, Accordingly, the cavitand pro- 
Vides a nearly ideal environment for this reaction: 
The reactants are confined in a limited space and 
properly oi and the desired reactive 


tion is further enhanced by the binding of the 
intermediate, In five solution, the dehydration 
step is selF-promoted; in the absence of a better 
base, a second amine molecule ean accelerate the 
climination of water, The confinement provided 
by the cavitand prevents interaction between 


extemal ba tetrahedral intermediate, 
thereby inhibiting progression to the imi 
‘Are these confining cavities capable of 


shifting equilibria toward otherwise unstable 
intermediates (22)? Enzyme-catalyzed reactions 
show enomous rate enhancements through 
binding to reaction intermediates that structurally 
resemble transition states. The alteration of 
‘equilibria inside enzymes such as triose phos- 


phate isomerase has been proposed (23, 24) but, 
despite close examination (25), has yet 10 be 
confinmed. Another proposal relates the magni- 
tude of these effects to the attractive fore 
between enzyme and substrate, with the 
effects arising fiom the formation of covalent 
bonds (26). The evidence presented here supports 
this view, insofar as the cavitand’s functional 
zroup arrangement resembles an enzyme active 
site. Although these cavitands are not catalysts, 
they show a capacity in stoichiometric quantities 
to trap reactive intermediates, allowing more 
direct study of reaction mechanisms 
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A Powerful Chiral Counterion 
Strategy for Asymmetric Transition 


Metal Catalysis 


Gregory L. Hamilton, Eun Joo Kang, Miriam Mba, F. Dean Toste* 


Traditionally, transition metal-catalyzed enantioselective transformations rely on chiral ligands tightly 
bound to the metal to induce asymmetric product distributions. Here we report high enantioselectivities, 
conferred by a chiral counterion in a metal-catalyzed reaction. Two different transformations catalyzed 


by catior 


‘gold(t) complexes generated products in 90 to 99% enantiomeric excess with the use of 


chiral binaphthol-derived phosphate anions. Furthermore, we show that the chiral counterion can be 
‘combined additively with chiral ligands to enable an asymmetric transformation that cannot be 


achieved by 


ther method alone. This concept of relaying chiral information via an ion pair should be 


applicable to a vast number of metal-mediated processes. 


the preparation of enantiomerically pure 
| sompounds has become a requirement for 


werochemiical and pharmaceutical synthe- 
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sis. Such chiral nonracemic compounds are typ 
cally accessed from ether Nature's “chiral poo! 
bby resolution of a racemate or by means of an 


nantioselective transformation mediated by a 
chiral catalyst () In general, chiral catalysts rely 
walent (dative or nondative) bonds between 
the reactive site and the chiral moiety. An alter 
e approach, which takes advantage of the 
‘enantioselective catalysts bear 

the induction of asymmetry by 
of the cationic catalyst with a chiral 
ion associated with the meta in an ion 
pair. This idea is potentially very powerful 
‘because, in principle, the same or a small library 
Of chiral anionic counterions could be used to 
make a wide range of talystsenantio- 
selective. The importance of chiral ion pairs is 
well known in the fields of phase-transter catal- 
2) and onganocatalysis (3-6) and may a 
bbe relevant to chiral Bronsted acid catalysis (7). 
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Although chiral ions have been successfully ap- 
plied to the resolution of metal complexes, very 
few reports have described examining a chiral 
counterion strategy for metal catalysis (8). Sup- 
port for the concept has been clearly demon- 
strated; however, the potential has been widely 
unappreciated because of the low enantioselec- 
ivity [0 to 34% ce (enantiomeric excess)] 
‘oblained in previous attempts using this metho 


tive transition metal-catalyzed reaction mediated 
by achiral counterion. 

In spite of the recent upsurge of reports 
documenting reactions catalyzed by homoge- 
neous gold complexes (/2-15), relatively few 
‘enantioselective transformations fave been dis- 
covered (/6-22). Axil) complexes incorporating 
chiral phosphines have proven very successful 
for certain processes but inadequate for others: 


(9-11), Herein we report a highly enantiosclec- this deficiency is possibly attributable to the lin- 
A WOH ame LAC, Smet AgX vs 
Cr = 
1 2 

< ‘52% yield, 6% ee 

‘PRe o ‘PRe 68% yield, 0% 00 

PR Phe Llex=Brr 70 els, 200 

|X =4(NO,+CeHs-CO,' 89% yield, 8% 00 


ane 
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Fig. 1. (A and B) Comparison of chiral ligands versus chiral counterion for asymmetric hydro- 
alkoxylation. (©) Effect of solvent polarity on enantioselectivity. 
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Fig. 2. Counterion-mediated enantioselective hydroamination. 
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‘car coordination geomeity of gold, which places 
the chiral components distant from the substrate, 
We have previously noted dramatic effect of the 
‘counteranion on the stereoselectvity of cationic 
‘Au(l)-catalyzed reactions (2/), In light of this ob- 
servation, we envisioned that chiral counterions 
could provide a particularly advantageous alter- 
native to the traditional chiral ligand approach in 
the arena of gokd chemistry. 

Although a number of transition metals eata- 
Iyze the addition of alcohols across carbon-carbon 
multiple bonds. to date, only Au(l) complexes 
have been successful in promoting an asymmet- 
ric hydmoalkoyylation of allenes (20, 23). Our 
research efforts, as well as those of others, have 
found this transformation particularly difficult to 
achieve with broad substrate scope and high 
‘enantioselectivity when using chiral phosphine 
ligated catalysts. Only allenol substrates bearing 
«particular substitution pattem have succumbed 
to cyclization with high enantioinduction, We 
‘therefore saw this reaction as an idcal platform to 
test the ability of chiral counterions to mediate 
asymmetric gold reactions, 

As expected, for a typical allenol substrate 1, 
treatment with a variety of chiral phosphine 
substituted gold catalysts in dichloromethane 
solvent fed to poor enantiosclectivities (Fig. 1A). 
In contrast, the catalyst produced in situ from 
PhyPAuCI (in which Phy? is triphenylphosphine) 
and chiral silver phosphate Ag-(R)-6 (24, 25) in 
dichloromethane solvent furnished a good yield 
of the hydroalkoxylation product and moderate 
enantiomeric excess (Fig. 1B). We chose phos- 
phates derived fiom binaphthol as chiral anions 
for our investigation because of ease of access 
and their ready variability (26). Moreover, the 
silver phosphate enables facile generation of the 
cationic gold(}) catalyst from the phosphincyokd 
(1) chloride driven by precipitation of silver 
chloride from solution (27). Control exper- 
iments demonstrated that the reaction is: not 
catalyzed by the phosphor 
ing to protonated 6, noris there an a 
background reaction from either PhyPAUC! or 
the silver phosphate alone. The enantioselec- 
tivity of the reaction was improved by utiliz~ 
ing the dinuclear gold complex bearing the 
bis(diphenylphosphinomethane) ligand (dppm). 
Examination of other solvents demonstrated 
that more-polar solvents, such as nitromethane or 
acetone, gave significantly lower enantiomeric 
exces values (Fig. 1C). However, the less-polar 
bervene proved to be the optimal medium, pro- 
‘viding the desired product in an exceptional 97% 
ce. These findings are consistent with an ion-pair 
model, in which the degree of enantioinduction 
depends on the proximity of the counteranion to 
the cationic gold center (9). 

Knowing the optimized conditions, we ex- 
plored the scope ofthe chiral counterion mediated 
‘enantioselective hydroalkoxylation, We found the 
method could be generally applied to a variety of 
allenol substrates (Table 1), Diflerent substituents 
‘were well tolerated at several positions, including 
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Fig. 3. Hydrocarboxyia~ 
tion using chiral ligand 
‘and counterion. The ab- 
solute configuration of 
product enantiomer in 
‘excess is noted for each 
entry. 


iat ia 


L=dppm, x =(6 
L=A)3,.X= 6 
L=S)3.X= 6 


L= (AB, X= 44NO)}-CeHy COO 


25 moe AUC 


‘Sots AX 


benzene, 23°C, 24% 


20% yield, 38% oe (F) 
189% yield, 12% 00 (S) 
‘91% yield, 3% 80 (R) 
188% yield, 82% ee (S) 


Table 1. Scope of asymmetric hydroalkoxylation. Entry 8 was performed using (5,S}-DIPAMP ligand 
(7); enantiomeric excess from using dppm(AuCl is in parentheses. Yields refer to isolated material 
except for entry 8, which was determined by gas chromatography analysis versus an internal 


standard. 
ree 2.5 mos doom) Ph 
eae —— rN 
ee Tenzane 26 Bs 
7 
Eruy Sibemato 0A Tine ty) Procat—Vand—— 
1 1 4 Che HOH Ot 2 oe 
2 8 1 & A HW 4 1 8s 
i (6 
4 10 1 ACH OH Oy 2 w 7 9 
5 " < ACH) OH Ph J 6 92 
6 2 1 ACH Cy Ld 3 90 0 
7 3 2 CHy 4 " 1s a 90 
8 4 2 HH H HH 2 9% 8280) 


the allene terminus (entries 1 10 3) and the a 
{entries 4 10 $) and fb (entry 6) positions of the 
aleohol. The homologated compound 13 also 
underwent the reaction to produce tetrahydro- 
pyran product 20 with high optical purity 

Even though the achiral ligand system proved 
successfl for a variety of substrates, we were 
‘curious to see whether we could combine chiral 
ligands on gold with the chiral counterion to fur- 
ther improve the enantioselectivity. To study this 
‘question, we examined substrate 14, which lacks 
any sterically demanding substituents along the 
backbone or the allene terminus (Table 1, entry 
8). This type of unfunetionalized compound is 
typically very resistant to highly enantioselective 
ti 


nsformations, so we were not surprised to find 
that our standard conditions converted this sub- 
strate with slightly reduced enantioselectivity 
(80% ce). Fortunately, further investigation 


revealed that combining chiral complex (18.28 
(+ }bis|(2-methoxy phenyD)phenylphosphinofeth- 
ane [(S,S)-DIPAMP|(AuCD> with Ag(S+6 
produced the vinyRetrahydropyran product 21 
in 92% ee. Pairing the (S.S}igand with the 
‘opposite enantiomer of the chiral counterion did 
not furmish the same improvement in enantiose- 
lectivity, indicating that the two combine in a 
“matched” and “mismatched” fashion. Clearly, 
the combination of chiral ligands and chiral 


‘counterion creates_an exceptionally selective 
system capable of strong enantioinduction for 
even the most challenging substrates. 

Accordingly, we probed the applicability of 
‘our chiral counterion strategy 10 another gokd- 
catalyzed reaction. We considered the intra 
molecular hydroamination of allenes as a 
straightforward extension. In the event, we found 
that a. phenyllimethylphosphine-ligated cat- 
ionic gokd complex with the chiral phosphate 
counterion 6 promoted the desired transfor 
mation of allene-sulfonamides with a high kev 
of enantiosckectivity (Fig. 2). A number of di 
ferent substrates performed welll under the 
reaction conditions to give pyrrolidine products 
in good yield and excellent enantiomeric excess. 
High enantioselectivity was observed even for 
compounds 23 and 25, which gave lower 
enantiomeric excess values (83% and 70%, 
spectively) under our previously reported 
hydroamination conditions in which we used 
chiral phosphine ligands on gold (21). Thus, we 
‘have established that the very high enantioinduc 
tion from our chiral counterion is not confined to 
a single reaction, as it offersa useful complemen- 
tary approach to asymmetric hydroamination of 
allenes as well. 

With these results in hand, we next turned to 
asymmetric hydrocarboxylation of allenes. Initil- 


ly, we were disappointed to find that gold com- 
plexes incorporating chiral ligands or chiral 
counterions catalyzed the reaction with poor 
asymmetric induction (Fi 
realized this transformation could be an excellent 
arena in which to test the power of combining 
chiral ligands and counterions, Despite the ex- 
tremely low enantiosclectivity provided by either 
‘component alone, the gold catalyst combining the 
(S}BINAP [(S}{-}12.2-bis(dipheny phosphino)- 
1.1'-binaphthyl] ligand {(S)3] and (R)-6 counter- 

jon cyclized the allene-carboxylate 30 to 
lactone 31 in 82% ex. As would be expected, 
reaction exhibited a dramatic matched and mis- 
‘matched pairing effect of the ligand and counter- 
jon; the (R) enantiomer of the silver phosphate, 
together with the antipodal (R}BINAP(AUCDs, 
Produced a nearly racemic product, The highly 
Additive effect of counterion and chiral ligand, as 
demonstrated here, provides more evidence of 
the enabling power of the counterion strategy for 
‘opening previously inaecessible transformations 
to ayymmetric catalysis 

The chiral counterion approach is especially 
appealing for Au(l) catalysis, given the afore- 
mentioned difficulty of transferring chiral infor 
‘mation fiom a figand disposed 180° from the 
substrate, We have shown that modification of | 
the counterion can be used to circumvent this 
problem by introducing an additional source of | 
chirality near the metal center. Our success rela 
tive 10 previous studies may be partially attri- 
buted 10 the choice of chiral anions that have 
previously demonstrated potential in asymmetric 
Bronsted acid catalysis; however, in addition 10 
accessing reactivity not available using Bronsted 
acid catalysts (/2), the use of chiral anions in 
metal catalysis benefits from tuning of the an- 
nds on the metal in a manner that is not 
or 1”. Moreover, this concept does not 
preclude processes that require a change in the 
formal oxidation state ofthe transition metal cata 
lyst, but rather requires that ion-pairing be 
maintained in the transition state structure of the 
«enantiodetcrmining step. Therefore, this approach 
is by no means limited to cationic gold(l) com- 
plexes as catalysts or chiral phosphates as coun- 
tecrions. Considering the multitude of reactions 
catalyzed by ionic complexes of palladium, rho- 
dium, ruthenium, iridium, and other metals, and 
aziven the vast possibilities for chiral anionic and 
cationic species, we envision tremendous poten- 
tial inthe field of chiral counterion-meated tran- 
sition metal-catalyzed reactions. This approach 
should have especially broad applicability, given 
‘that the chiral counterion strategy can be com 
bbined with existing chiral ligand platfonms in a 
synengistc fashion. 
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A Cambrian Peak in Morphological 
Variation Within Trilobite Species 


‘Mark Webster 


‘Morphological variation within species is a raw material subject to natural selection. However, 
temporal change in morphological diversity has usually been studied in terms of variation among 
rather than within species. The distribution of polymorphic traits in cladistic character-taxon 

matrices reveals that the frequency and extent of morphological variation in 982 trilobite species 
are greatest early in the evolution of the group: Stratigraphically old and/or phylogenetically basal 


taxa are sig 


intly more variable than younger and/or more derived taxa. Through its influence 


‘on evolutionary tempo, high intraspecific variation may have played a major role in the 


pronounced Cambrian diver 


‘any higher taxa show a markedly 

swith rapid initial increase in mompho- 
logical diversity among taxa (disparity) and 
subsequent decline in or cessation of evolution 
ary inventiveness (7-4), Rates of taxonomic 
diversity inerease are alo often higher during 
the early portion of clade evolutionary history 
(5,6), Because the potential rate and magnitude 
of evolutionary change (evolvability) for a 
species must be to some extent a function of 
the degree of morphological variation exhibited 
by that species (7, 8), change in the frequency or 
nature of intraspecitic variation within a clade 
could profoundly influence its evolutionary dy- 
namics. To the extent that observed phenotypic 
variation reflects heritable variability (7) and 
therefore evolvability, a clade exhibiting a 
bottom-heavy diversification history would be 
predicted to show a temporally declining degree 
Cf intraspecific variation among its constituent 
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tion of trilobites. 


members, as has been claimed for some animal 
clades ["Rosa’s Rule” (9, 10). 

Here 1 investigate long-term trends in. mor- 
phological variation in species using the 270- 
million-year history (Early Cambrian through 
Late Permian) of trilobites. Trilobites have a 
character-rich morphology, abundant fossil 
record, and high divenity. The diversification 
history of trilobites was bottom-heavy ( 
Origination and extinction rates of 
‘genera were generally higher in the Cambrian 
than later (fig. SI, B and C), although there was 
rapid diversification within some post-Cambrian 
clades (11). Maximal disparity was achieved 
during the Early Cambrian [based on among- 

cies variation in thoracic segment number 
(Z2)] or the Ordovician [based on among-species 
Variation in cranigial outtine (6, 13) and qualita- 
tive assessment of gross anatomy (/4)]- Although 
it has been suggested that the net decline in 
evolutionary rate corresponded to a general de- 
cerease in morphological variability within tilo- 
bite species through time (/5, 16), the few 
pertinent studies to date do not provide strong 
empirical support for unussal variation within 


nbrian trilobite species in any aspect of 
momhology other than number of thoracic 
segments at maturity (2); see supporting online 
material (SOM)], and even that trait is variable 
within only very few species. 

1 explored temporal pattems in intraspecific 
Variation as represented by character states coded 
as polymorphic within trilobite species in cladis- 
tic analyses. Species coded as polymorphic for a 
given character are assumed to have exhibited 
marked variation that spanned two or more 
states defined by the original authors, Aspects of | 
‘organismal shape, counts of meristic features 
{including presence or absence of particular 
features), and locations and discrete types of 
particular anatomical structures can all form the 
basis for characters coded in chidistic analyses, 
thus maximizing morphological coverage 
(SOM), 

examined 68 trilobite charactertaxon matri- 
ces for intraspecific polymomphisms (table SI), 
but application of stringent criteria to reduce the 
potential for among-study bias (17) resulted in 
‘exclusion of some entire matrices, and of partic- 
ular characters and/or taxa from others (table $1). 
The final data sct consisted of character-taxon 
matrices from 49 independent studies (tables St 
and S2), Character-sate information fora total of 
‘982 species was included (table $2), representing 
~5% of all valid trilobite species (78). All eight 
‘orders of trilobites, plus the problematic burlin- 
aids, were represented. 1 treated agnostids as 
trilobites (/9-2/), but my general conclusions are 
not dependent upon their inclusion. All orders 
\were represented by more than 100 species in the 
analysis, with the exception of the Redlichid 
(79 species) the Corynexochida (50 species). and 
the Asaphida (26 species). With the exception of 
the Petia, geologic periods were subsivided 
into two or three temporal bins (typically 
comesponding to epochs): the stratigraphic age 
at this finer level of resolution was known for 957 
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of the species. The final data set included repre- 
‘sentatives from every temporal bin, spanning the 
centite geologic range of the Trilobita. Most 
temporal bins included data fiom 60 or more 
species (Fig. 1A), although the Late Cambrian, 
Late Silurian, Late Devonian, Carboniferous, and 
Permian were each represented by fewer than 40 
species OF the 25 species for which age was 
known only at the period level of resolution, all 
\were post-Cambrian in age and 24 were coded 
with no polymorphisms (the polymomhic spe- 
cies being an Onlovician proetid): Their inelu- 
sion would therefore have strengthened the 
temporal trend detected by the present analysis. 
Some 40,957 positively coded character states, 
‘each withthe potential for intraspecific polymor- 
phism, were included [excluding missing, in- 
applicable, and redundant (the same species 
‘coded forthe same character in multiple studies) 
characters} 

More than 35% of the 9X2 included trilobite 
species were polymorphic in at least one 
positively coded character (table $2). However, 
these polymorphic species were neither evenly 
nor randomly distributed through time (Fig. 1, A 
and B), More than 70% of included Early and 
Middle Cambrian trilobite species were coded 
as polymomhic for at feast one character. This 
proportion i significantly higher than in all later 
temporal bins, where fewer than 40% (and otien 
fewer than 20%) of trilobite species were coded 
as polymorphic for at keast one character, The 
proportion of species with at least one polymor- 
phism drops sharply between the Middle Cam- 
brian (75%) and Late Cambrian [8% (22)}, then 
rises to 40% in the Early Ordovician (coincident 
\ith the first sampling of the diverse phacopig 
land proetid onders), aller which there isa pro- 
agressive decline through the Middle Devonian 
(1%, interrupted only by a particularly low vale 
(0%) in the Late Silurian, Approximately 37% of 
included Late Devonian species were coxked with 
at least one polymorphism (all herabting from 
study 43 in table S1). No polymomphism was 
recorded in characterstate coding among the 23 
pest-Devonian species. It is unclear whether this 
pattem is beter interpreted asa steplike drop from 
Early and Middle Cambrian high proportions 
((<700%)10 post- Middle Cambrian low proportions 
(0 to 40%, averaging 13%), oF as a progressive 
decline through the Paleozoic fiom the Early and 
Middle Cambrian (<70%) through the poste 
Devonian (0%) made noisy by intervals of poor 
sampling. The proportion of trilobite species 
polymomphic in at least one character was sig- 
nificantly higher inthe Early and Middle Cambri- 
an than in later times, 

‘The most extreme degrees of intraspecific 
Variation were also documented in Early and 
Middle Cambrian trilobites (Fig. 2, A and B, 
and fig, $2), when some species were polymor- 
Dhic in more than 20% of their coded characters. 
None of the S88 post-Cambrian species ex- 
hibited polymorphism in more than 15% of their 
coded characters (Fig. 2C). The average propor- 


tion of characters for which a species was coded 
as polymorphic falls from 3% in the Early and 
Middle Cambrian to 0% in post-Middle Cam- 
brian bins. 

‘The phylogenetic distribution of species ex- 
hibiting any degree of polymorphism in coded 
characters is also not uniform (Fig. 3, A and B). 
‘A significantly higher proportion of species 
belonging to the stratigraphically okt andior 
carly diverging (19) clades Redlichiida (53%), 
Prychopariida (79%), and Agnostida (88%) are 
polymorphic for at kast one character compared 
tothe younger andor more derived (9) Corynex- 
cochida (10%), Proctida (17%), Phacopida (7%), 
Lichida (13%), Asaphida (4%), and Burlingiidae 
(0%). The temporal decline in intraspecific varia- 
tion therefore results primarily from differences 
among trilobite orders. However, there is also 
support for declining frequency of polymorphic 


Fig. 1. Temporal pattern ofthe frequency (A) and 
relative proportion (B) of trilobite species coded as 
polymorphic in at least one character in cladistic 
‘analyses. Hatched and solid shading in (A) denotes 
polymorphic and nonpolymorphic species, respec- 
tively. Geologic period abbreviations: Ordov., 
Ordovician; Sil, Silurian; Dev., Devonian; Carb., 
Carboniferous; E, early; M, middle; L late. Eror 
bars indicate two-nit profile likelinood confidence 
intervals. Data are from table S2. 


species through time within the long-ranging, 
wellsampled onlers Proctida (Fig. 3, C and D) 
‘and Phacopida (Fig. 3, E and F), although the 
latter showed a retum to high proportions in the 
Late Devonian (attributable to a single study; see 
above). Any sustained trends within other onders is 
unclear because of insufficient taxonomic or 
{cmporal sampling (figs. $3 and $4), although a 
significant drop in the proportion of speci 
exhibiting polymomhism following an Earl 
andior Middle Cambrian peak was seen for the 


Middle Cambrian 
(10 
he 


‘roertn of sarcre coed se pormreie 


Fig. 2. Frequency distributions forthe proportion 
of characters coded as polymorphic within trilobite 
species for the Early Cambrian (A, median = 
2.8%), Middle Cambrian (B, median = 3.6%), and 
post-Cambrian (C, median = 0.0%. Approximate 
duration (in millions of years, my) of each temporal 
bin is shown; duration for Early Cambrian is based 
‘on tilobite-bearing portion only. Frequency dis- 
tributions at higher temporal resolution are shown 
in fig. S2. Data are from table S2. 
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Prychopariida [but see (22)] and. Agnostida, 
Whether the higher fiequency of polymorphic 
species carly in clade history (here detected in the 
Trilobita asa whole, the Proetida, and arguably the 
Phacopida, Prychopariida, and Agnostida) is 
indicative of general phenomenon detectable at 
levels of lesser phylogenetic inclusivity is. un- 
known. The second (Late Devonian) peak among 
Phacopid species suggests that general trends in 
intraspecific variation are reversible [see also (23)]. 

The nonuniform phylogenetic and temporal 
<istribution of intraspecific variation in trilobites 
is unlikely to result from a bias in morpholog- 

! ical coverage (.e., the range of characters ex- 

| amined) or in character-state definition, because 
similar temporal and phylogenetic patterns are 


| 
[ITED Seereyeetes 


characters with minimal potential for among- 
worker differences in coding (figs. SS and S6), 
There are fewer trilobite species per genus on 
average in the Cambrian versus the post- 
‘Cambrian (18). If this reflects a workerrelated 


bias of “Cambrian Jumpers” versus “post- 
i Cambrian splitters,” then a higher degree of 
Proetida D Proetida apparent variation should be expected within 


‘Cambrian trilobite species and the results could 
be construed as artifact, However, si 
poral and phylogenetic patterns 
based on the work of singe researchers (fis. S7 
and SX). The post-C nerease in number 


‘Proverton owes cates mi aicastont 


durations than genera originating in the poste 
Cambrian (24), resulting in accrual of lower 
specieslevel diversity per genus. Any worker- 
related bias in generic concept would not affect 
the resus, which involved only species-level data 
‘The nature of intraspecific variation can ine 
Auence the rate and direction of adaptive re= 
sponse ofa lineage to selective pressure (8,25, 26). 
The high rates of trilobite generic origination in 

Phacopida the Early and Middle Cambrian relative 10 the 
pos-Cambrian (fig. SIB) are consistent with 
‘claims that intraspecific variation can also pro- 
mote speciation and diversification (27). How- 
‘ever, the Late Cambrian misn 


nn 


A 
Properton of specie cea wi at ean one 


rate o that intraspecific variation is grossly under- 
| represented in the Late Cambrian simple (22). 
we The nature of the relation between intra- 
ww specific variation and momhological diversi 
cation is complex because the components of 

Fig. 3. (A and B) Differences among trilobite orders in the frequency (A) and relative proportion Wlobite anatomy were evolutionarily decoupled, 
(B) of species coded as polymorphic in at least one character in cladistic analyses. (C and D) Thus, whereas the maxima of intra- and inter- 
Temporal pattern of the frequency (C) and relative proportion (D) of proetid trilobite species coded SP¥xitic variation in thoracie segment number 
as polymorphic in at least one character in cladistic analyses. (E and F) Temporal pattern of the coincide during the Early Cambrian (/2), the 
frequency (E) and relative proportion (F) of phacopid trilobite species coded as polymorphic in at Middle Ordovician maximal disparity in cranial 
least one character in cladistic analyses. Hatched and solid shading in (A), (C), and (E) denote shape was attained later than the Early/Middle 
polymorphic and nonpolymorphic species, respectively. Error bars indicate two-unit profile Cambrian maximum in frequency of intraspe- 
likelihood confidence intervals. Data are from table S2. Abbreviations as for Fig. 1. cific variation in characters determining cranial 
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‘outline [fig. $9; although the rate of increase in 
disparity of cranidial shape was highest in the 
Early Cambrian and slowed fiom the Middle 
Cambrian through Middle Ordovician (figure $ 
in (6). The role of intraspecific variation in the 
generation of novelty and therefore of macro- 
evolutionary trends in disparity is unclear: A 
hypothesis that intraspecific variation i the soure 
‘of disparity increase predicts that a. polymor- 
phism should involve a derived feature, but the 
data relate only to whether or not a species is 
polymorphic fora given character, inespective of 
\whether the character states are derived, primitive, 
‘or convergent on another species 

‘The observed decline in intraspecific variation 
may have resulted ffom increasing developmental 
‘or ecological constraints. Developmental con- 
straints may stem from increased integration 
among or regulation of developmental systems, 
resulting in decreased capacity to generate or 
accommodate change in those systems without 
negative effects on viability (4, 28-33), Evolog- 
ieal constraints may stem fiom progressive niche 
specialization associated with increased diversity 
‘and competition: In an ecospace dominated by 
cumbents, selection pressure could reduc 
pes even though 
developme nd integration may 
remain unchanged (29, 34). Constraint resukiing 
from a decline in developmental exiility, in 
I establishment, oF in 


minishing mor- 
tion, which translates. into 
slower response to selection and declining rate 
‘of morphological and taxonomic diversification. 
Further investigation is required to detemnine the 
‘causal mechanisms and whether the post-Middle 
‘Cambrian dectne inthe frequency and extent of 
intraspecific variation detected here was unique 


to trilobites or to this time interval. Nevertheless, 
demonstration of this pattem and its potential 
comespondence to diversification rate in trilobites 
suggests that within-pecies variation may play 
‘an important role in shaping clade macroevolu- 
tionary history. 
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Four Climate Cycles of Recurring Deep 
and Surface Water Destabilizations 
on the Iberian Margin 


Belen Martrat,” Joan 0. Grimalt,’* Nicholas J. Shackleton,’t Lucia de Abreu,” 


‘Manuel A. Hutterli,* Thomas F. Stocker* 


Centennial climate variability over the last ice age exhibits clear bipolar behavior. High-resolution 
analyses of marine sediment cores from the Iberian margin trace a number of associated 
‘changes simultaneously. Proxies of sea surface temperature and water mass distribution, as well as 
relative biomarker content, demonstrate that this typical north-south coupling was pervasive for 
the cold phases of climate during the past 420,000 years. Cold episodes after relatively warm 
and largely ice-free periods occurred when the predominance of deep water formation changed 
from northern to southern sources. These results reinforce the connection between rapid climate 
‘changes at Mediterranean latitudes and century-to-millennial variability in northern and southern 


polar regions. 


the study of abrupt climate change has 
| cused mai c ial period 


(1-13) and has. provided important in- 


hts about the dynamics of the climate system 
(14, 13). Synchronization of the 80 records 
from Greenland and Antarctic ice cores has 


shown that the regions around Antarctica were 
‘warming during short-term cooling stages in 
Greenland (2), These high-latitude changes were 
paralleled by the fine-scale variability of sea 
surface temperatures (SST) from lower lati 
in their respective hemispheres (/6, 17) and were 
directly linked on a regional scale tothe extension 
and retreat of polar ice (3, 4) and the organi 
tion of atmospheric (5, 6) and oceanic circulation 
713), 

‘A number of paleoarchives have shown that 
‘entury-to-millennial climate variability also was 
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robust feature in previous climate cycles 6-25), 
However, in these cases, no ice records from the 
Nonhem Hemisphere were available for a 
comprehensive test of the hypothesis that the 
‘same dynamics of abrupt climate change existed 
during previous ice ages. Fortunately, high- 
resolution marine sediment cores from the Iberian 
‘margin contain a recon! of the different water 
from the northern Nomh 


Fig. 1. Maps showing the 
location of the Iberian 
margin sediment cores 
(28), The sediment cores 
studied are MDO1-2444 
(37°33.68N, 10°0853W, 
2637 m below sea eve 
‘and NOOL24B G7'S2B5N, 
10°10.57'W, 2925 m be- 
low sea level. Existing 
relevant paleoarchives are 
1095-2042 (7, 8, 12, 13), 
1095-2043 (10, 22), and 
ODP-977A (16), all of 
wiich establish the Iberian 
margin as a sensitive re- 
‘gion for reconting climatic 
changes. 


Table 1. Summary of the Iberian margin alkenone unsaturation index 
(years) in cores MODO1- 
2444 and MO01-2443 over the past four climate cycles. The average 
temporal resolution remains comparable at centennial scale throughout 
the entire period studied. Cores MDO1-2444, ODP-977A (16), and MD9S- 


(U®3)-SST (°O conditions and time resolu 


Atlantic and Antarctic regions. In these cores, the 
80 record of benthic foraminifera resembled 
the Antarctic temperature signal, whereas the 
"0 of planktic foraminifera exhibited changes 
similar to these found in Greenland ice cores 
(7-9), The differences in isotopic: composition 
between surface and deep waters were based on 
measurements along individual cores and conse- 
quently provided a frst independent verification 


80 (2) are r 
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of carlier methane interhemispheric phasing for 
the last climate cycle (I), 

The Iberian margin is therefore a focal point 
for comprehensive evaluation of climate varia- 
bility in both hemispheres over long time periods. 
We analyzed stable isotopes (7 = 1396 samples) 
and fossil organic compounds synthesized by 
marine and continental flora (n= 1648 samples) 
that we found in sediment cores MDO1-2443 and 
MDO1-244; these data allowed us to generate a 
high-resolution reconstruction of the climatic 
history of the past 420,000 years (Fig. 1 and 
Table 1) (26-28), 
is of down-core profiles on their depth 
scales emphasizes that climatic events recorded 
in the incremental layers do not vary in shape 
alter application of dating techniques (fig, SIA), 
The alkenone-derived SST at the Iberian margin 
is coupled with the 80 record of Globigerina 
bulloides (fig. SUB). The specific sedimentation 
features of the area studicd prevent the offbet 
between ages of alkenones and foraminifera from 
identical sediment depth intervals, further 
supporting the in-depth evaluation from the 
‘nearby northwest Affican margin (29) 

None of the climate cycles was a 
reproduction of the others because on the orbital 
time seale the goveming factors of ic 
dynamics have 
30-32) (Fig, 2, A The results show 
that the rapid SST changes (Fig. 2F) a 
for the time span in Which they overlap, 
With Greenland 8"%0 profikes (2), reconstruc- 
tions of iecbeng discharges at $S°N (2/), and 
arboreal pollen in southern Europe (22, 23) 


(Fig. 2, Bw B) 
Dansgaard/Oesehger-type variability is 
recorded all along the Iberian margin aver the 


past four climate cycles (Fig. 2F), For simpliti- 
cation purposes, the warm and cool events are 
fisted and labeled, respectively, as Iberian mangin 
interstadials (IMI) and stadials (IMS), with the 


close agreement over the fist climate cycle, Correlation 
‘efficients of ODP-977A (16) and MD01-2444 U* y,-SST (°C) with NGRIP 
0.88 and 5 = 
coefficient of the MD01-2443 benthic profile [(26, 27) and this study) 
with the Dome C &D record (18) is r = 0.92. 


0.86, respectively. The correlation 


SSTCO Wt First climate cycle Second dimate cycle Third climate cycle Fourth climate cycle 
[time resolution = 
gent waal Glacial interglacial == Glacial ~=—=—snterglacial © Glacial_—=—Interglacial —Glacial_——nterglacial 
bape B8sil 173219 13.9220 
n= 902 samples 
(this study) 1136263) (275124) (321+ 255] 
beri 146213 179214 126225 168218 123222 172213 
n= 764 samples 
(this study) (5902412) [428+ 250] [388+144] [3332197] [584371] [250 + 149] 
OORT 21217 17.9230 «14.1222 18.0226 
n= 655 samples 
(16) (317 + 234] (448 +522] [3702 180] [378 = 233] 
bie 5414 17.6222 
[358.199] (923 = 344] 
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Fig. 2. Comparison between the Iberian margin paleoarchive and distance 
records over the last four interglacial-to-glacial cycles. (A) The greenhouse 
‘gases CO, [solid yellow curve, in parts per million by volume (ppmw)] and CH 
[dashed green curve, in parts per billion by volume (ppbv)] (29, 20), the 
‘eccentricity of the Eart’s orbit (Solid black curve, and the daily insolation at 
65°N during the summer solstice (dashed black curve). These data, along with 
(B) phasing in Earth’s obliquity (solid black curve) and precession (dashed 
‘gray curve) (30) are external triggers of the climate system, although 2 
substantially nontinear response to these gradual forcings (31, 32) also is 
‘evident in the profiles presented here. The North Greenland Ice Core Project 
(NGRIP) 80 profile [per mi (%)] (2) is drawn with the isotopically defined 
Greenland interstadials (GI) on the top and the subsequent Greenland staials 
G5) om the bottom. (C) The ODP-980 relative proportion of detrital lithics ice- 
rafted debris (IRD) record events when the ice shelves reached a critical 
‘extension (21). (D) The Velay pollen sequence stratigraphy (23) applied to (E) 
the Tenaghi Philippon woody taxa; the pollen curve excluding Pinus and 
Juniperus is shown by the dashed line, because the ecological requirements of 
these two genera are not always indicative of temperate climates (22). (F) 
US 57-SSTin a composite of cores MDO1-2444 and MDO1-2443 with the Intl on 
the top and the IMS on the bottom, with the number ofthe climate cycle to 
‘which they belong shown immediately before (values above average are 
shaded blue), Areas shaded orange show transitions between the climate 
‘des, and gray areas mark the most prominent bifurcations in climate 
conditions. (G) The relative proportion of n-hexacosan-1-ol (CzgOH) to the 
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sum of n-hexacosan-L-ol (Czg0H) plus m-nonacosane (Cas) in cores MDO1- 
2444 and MD01-2443 is providing an oxygenation marker of deep sea floor 
(three-point running average; values above average are shaded orange). (G’) 
Benthic 5*¥C in cores MD95-2042 and MDO1-2443 [data are from (7) and this 
study, three-point running average)], with alternating influence of NADW (~1 
per mil) and AABW (less than 0.5 per mil). (H) The percentage of 
heptatriatetraenone (Csr) to total alkenones is indicative of Arctic surface 
‘waters at core locations. (H’) 5™*0 of stalagmites from Hulu and Dongge caves 
(solid black curve) and from Soreq and Peqiin caves (dashed black curve) 
(6, 24, 25). () The benthic 3380 profiles solid black curve) in cores MD95- 
2042 and MDO1-2443 [data from this study and (7, 26, 27)] and the Antarctic 
Dome C SD record (olid blue curve) (18) and Dronning Maud Land 80 
corrected profile (dashed blue curve) (36), with a tentative proposal of the 
Antarctic isotope maxima (AIM) drawn on the top of the benthic profile. 
‘Misalignments between the Antarctic ice signal (blue curve) and the Iberian 
margin benthic record (yellow curve) are due to differences in the age models. 
used, but the resemblance between the signals is unambiguous (Table 1) (28). 
(D) Glacial 2 to 4, 6, 8, and 10) and interglacial (1, 5, 7, 9, and 11) marine 
‘isotope stages (MISS). It should be emphasized that no ice records from the 
Northern Hemisphere are available for climate cycles before the last one. 
Greenland represents the guide forthe past 120,000 years (2), and Antarctica 
is the reference for the time preceding that period (18), Original data and a 
‘comprehensive explanation about age scales are available online (26). ky, 
1000 years. 


hnumber ofthe climate cycle to which they belong 
shown immediately before (ex, 4IMS-7 is the 
eventh cooling stage of limited duration within 
the fourth ch 
cycles (interglacial followed by a glacial period) 
is justified on the grounds that attempting 
rigorous definition of the boundaries of marine 
24) becomes mean- 
vel (33), 

The climate eyeles commence with a rapid 
wanning completing the deglaciation, which 
fasts just a few centuries (IIMS-1, IIMS-2a, 
2IMS-1, 3IMS-1, and 4IMS-I; Fig. 2F, areas 
shaded in orange), followed by a gradual cooting 
‘over several thousand years, often ending in a 
final rapid cooling phase. During the initial part 
ofthe climate im stable periods similar 


to the Holocene were maintained and oscillations 
Were rare but generally more pronounced than 
during the ice ayes: At least four intense events 
interrupted. the last climate period (IIMS-21, 
22, 1MS-24, and IIMS-25) three severe 


1M! 


third (3IMS-9 and 3IMS-10); and none occurred 
during the fourth climate eycle, until sudden 
entry into a glacial in a single event (4IMS-7). 
During fully developed glacials, the trequen- 
cy of rapid climate variability also differed 
‘between climate cycles (Fig. 2F). The Iberian 
ccores register 18 events during the first climate 
cycle (IIMI and IIMS events 1 0 18), nine in the 
second (2IMI and 2IMS events 1 to 9), seven 
oscillations during the third GIMI and 3IMS 
‘events 110 7), and six over the fourth (4IME and 
4IMS events | to 6), As a whole, there is a 
‘common general trend over the past four climate 
ceyeles: Both in variable glacials and in the warm, 
stable, preceding periods, the pace of climate 
Variability increases as the Pleistocene progresses 
to the present, The recurring saw-tooth shape of 


SST fluctuations observed (Fig. 2F) points to a 
nonlinear threshold behavior of multiple equilib- 
ria in the Nonth Atlantic, as referred to in models 
(34, 33), Whatever mechanisms were respo 
bbl, the combination of triggers, amplifiers, and 
sources of persistence during each climate cycle 
\was never identical, and the abundance, length, 
and magnitude of the events varied accordingly 
For example, the last ice age was characterized 
‘by abundant multicentennial shifts, but cold 
spells were equally or even more severe in the 
throe previous climate cycles (Table 1). The 
fourth climate eycke was the period with rapid 
events of the highest amplitude, but with a 
shorter glacial period. 

In this study, we considered different hy- 
drological indicators that penmit a better link to 
other climate archives. First, the relative pro- 
portion of tetraunsaturated Cy> alkenone to total 
Cy alkenones (C374) is indicative of very cold 
surface waters at core locations (76). Increases in 
g. 2H) are in line with weakening of 

nian winds at specific times (78) 
and a decreasing ratio of summer-to-winter 
precipitation in the castem Mediterranean and 
China (6, 24, 25) (Fig. 2119, Second, the benthic 
80 recont of cores MD9S-2042 (7, 8) and 
MDOL-2483 [sce (26, 27) and our data] is con 
sistent with the profiles. in Antarctica (/8, 36) 
(Fig. 2). This correspondence supports the above 
analogy for the last glacial (7-9), but our results 
show that the correlation was maintained over 
the last four climate cycles. Third, the relative 
proportion of r-hexacosan-1-01 (C3g0H) to the 
sum of C2OH plus r-nonacosane (Cos) is a 
chemical proxy reflecting oxygenation associated 
with bottom current intensity, given that both 
‘compounds have the same origin (i.c., vascular 
temestrial plants) but diflered in resistance to 
degradation by oxygenation of the deep sea floor 
(ZD (Fig. 2G), High and low percentages of the 


COU ratio [ie., CgOH(Cy OH. + Gap)} cor 
respond, respectively, 10 low and high deep- 
‘ocean ventilation, Finally, the benthic 8"°C record 
reflects the influence of both hemispheres (Fig, 


2G). Typical values of Nonth Atlantic deep water 
(NADW) and Antarctic botiom water (ABW) 
G, 


are about 1.1 and 0.5 per mil, respective! 
‘This indicator showed depleted values doc 
ing entrances of AABW in the North Atlantic not 
Jacials (9, 38), but within the short 

stages of interglacials (27). The 
nd in changes of SST, C3g0H ratio, 
and benthic "°C constitutes recurring pattern 
in surface and deep waters measured 
the same cores. The observed time sequences of 
events are therefore independent of the absolute 
‘age model of choice (28). 

Decreases in the C2g0H ratio over the 
deglaciations trace the early arival of NADW 
fiom nother latitudes. During the warmest and 
largely ice-five portions of the interglacials, the 
benthic 8°C record exhibits high values for 
nutrient-depleted waters arriving from northem 
locations. Particularly during MIS 1, MIS Se, and 
MIS Ie (Fig. 23), maintenance of low C3sOH 


ratio and high benthic 8!°C indicates conditions of | 
high deep-water ventilation by NADW, For time 
intervals of 10,000 to 20,000 years after the degla- 


ciation, the relative content of Co40H remained 
tow, whereas benthic 5"°C and 8!%O values stayed 
high. These climate conditions evolved toward 
well-defined inereases in the CgOH ratio, necond- 
ing lower oxygenation and a slowdown in the 
imiensity of bottom currents. These periods end! 
‘abruptly in harsh drops in SST preceded by steep 
decreases in both CaOH and benthic 5'°C ratios, 
indicating a reinvigoration ofthe deep currents, 
this case caused by the inflow of southem-sourced 
deep waters (ABW). Afler the swift cold spell 
within a few centuries, a sharp movement back to 
warm SST was marked by sudden decreases in 
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deep water ventilation (increase in CO ratio) 
and a etait in ABW flow (increase in benthic 
PC). 

This pattem was repeatedly observed during 
humerous prominent SST oscillations over the 
last climate cyele (IIMS, IIMS-13, IMS-I8, 
1IMS-21, IIMS-22, 1IMS-24, and IIMS-25) 
(Fig, 3). This type of abrupt cooling was also 
pervasive during the second (2IMS-3, 2IMS-10, 
2IMS-12, and 21MS-13), the thind GIMS-+, 
3IMS-S, 3IMS-7, 3IMS-8, 3IMS.9, and 3IMS- 
10), and the fourth climate eycke ($IMS-6 and 
4IMS-7) (Fig. 2, Fto , areas Saded in gray), and 
it collapsed the entire Mediterrancan ecosystem 
(26, 22) parle! w a massive increase in the size 
of the nomthem ice caps (39). Vegetational 
indicators measured along MDOI-243 sedi- 
ments indicate that the woodland population at 
the Iberian peninsula was almost nonexistent 
during some of these interval, independent of 
saci ive (26). 


ic) 


C3724 alkenone (%) 


| 


mp01-2444 


During MIS 10, the intethemispheric decou- 
pling was particularly pronounced. Repeated 
surface temperature shifis occured at the Iberian 
‘margin (4IML and 4IMS events 1 to 6) and 
percentages of woody taxa in southem Europe 
Were maintained at high values for almost the 
centre ice age (up 40 78%) (22), but the climate 
Variability of southem polar latitudes was almost 
insignificant (18) (Fig. 2. E10 1). [tis quite likely 
that cach interstadia in nomthem latitudes had its 
‘counterpart in southern latitudes, but the intensity 
‘of expression in southem fatitudes may vary 
depending on the power and duration ofthe event 
(34). This is consistent with the recent observa- 
tion that, for the last ice age, the duration of the 
Greenland interstadials is comelated with the 
\warming amplitude in Antarctica (36) 

The changes observed point to intensification 
of AABW flow at the Iberian margin preceding 
the harsh drops in SST that characterize these 
rapid events (Fig. 3) The results corroborate the 


4 50 6 7 8 


Nonth Atlantic determinations of benthic 8C 
(40) or ™*Pa?” Th (41), indicating that produc 
tion of NADW decreased, and in doing so kept 
pace with the extension of nonthem polar inland 
laciers to the continental shelves; however, this 
ceccurred a few centuries before the subsequent 
generation of icebergs. Climate scenarios that 
force a change in the ocean circulation with the 
use of coupled ocean-atmosphere-sca ive model 
show that decreases in formation of NADW are 
capable of triggering lange ice surges (42) 
‘Computer simulations indicate that the imbal- 
ances betwee northern- and southem-sourced 
‘water masses are the primary agent for these 
abrupt climate oscillations (43), Some models 
propose tht the inteplay between these two 
water masses may be driven by changes in 
AABW (44, 45) and others by NADW (15, 46). 
However, imespective of the ultimate origin of 
these deep water changes, the results presented! 
Frere show that ecntury-to-millennial variability 


age (calendar ky before the present) 


Fig. 3. A more detailed view of the time sequences of events over the last 
climate cycle. Harsh drops in (A) U* »-SST were preceded by steep decreases 
‘in both (B) C,,0H and (B") benthic °C ratios (7). Hence, cold episodes after 
relatively warm and largely ice-free periods occurred when the predominance 


‘changed from northern deep waters (NADW) to southern (AABW). These 
changes occurred few centuries before the subsequent generation of 
‘icebergs, which are traced by increases in (C) the percentage of Cre, 
indicative of very cold surface waters at the Iberian margin (16). 
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characteristic of the last ioe age was pervasive 
during the entire past 420,000 years. In particular, 
the rapid cooling were preceded by changes in 
deep waters involving pulses of increas 
AABW alter retreat of NADW. 

The finding that SST shifts become more 
‘abundant as climate eycles approach the present 
calls for a pressing need to understand the 
mechanisms of rapid thange. The mean 
~1500-year time spacing of the events of the last 
‘glacial (47) is not observed in previous climate 
eycles. This is a further indication that a time 
seale ofthis nature is nota universal characteristic 
‘ofthe climate system. The marked melting of the 
ice armada similar to those reported over the last 
stacial period can no longer be uniquely asso~ 
ted 10 the cause of abrupt climate change, 
given that changes occurred even after relatively 
=, IMS-21, 
2F). AF 
though more continuous freshwater discharge 
may not leave a notable trace in the marine sed- 
iments, it may effectively trigger the gradual 
deterioration of climate by slowly pushing the 
‘ocean circulation in the North Atlantic toward 
threshold (48), 
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Ethylene Modulates Stem Cell Division 
in the Arabidopsis thaliana Root 


Olga Ortega-Martinez,*t Monica Pernas,*t Rachel J. Carol, Liam Dolans 


The construction of multicellular organisms depends on stem cells—cells that can both regenerate and 
produce daughter cells that undergo differentiation. Here, we show that the gaseous messenger 
‘ethylene modulates cell division in the cells of the quiescent center, which act as a source of stem cells 
in the seedling root. The cells formed through these ethylene-induced divisions express quiescent 
ccenter-specific genes and can repress differentiation of surrounding initial cells, showing that 
‘quiescence is not required for these cells to signal to adjacent stem cells. We propose that ethylene is 
part of a signaling pathway that modulates cell division in the quiescent center in the stem cell niche 
during the postembryonic development of the root system. 


1¢ bodies of multicellular land plants are 
| derived from populations of dividing cells 
alled meristems, which contain stem 

cells. Clonal analysis revealed that the ultimate 


source of calls in the Arabidopsis thaliana root 
meristem isthe quiescent center (QC), a group of 


four cells that divides infrequently and can give 
Fise to cells in al tissue systems of the root (/). 
‘The QC cells are surrounded by initials that divide 
to regenerate themselves and produce cells that 
contribute to the oot body and have also been 
‘considered to be stem cells (2, 3), Because initials 
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‘considered to be short-term ste 
Jatter are long-term stem cells. QC cells produc 
signals that promote division of the abutting initial 
cells and repress inital cell terminal differentia- 
jon (4). Together, the QC cells and the surrounding 
initial cells constitute a stem cell niche (5, 6) 

To identify genes that control cell pro} 
tion in the stem cell niche, we screened our col- 
Jection of root mutants for plants with defective 
QC cellular organization resulting from deregu- 
lated QC cell division, We identified two mu- 
tants, £6263 and £4510, in which the cells of the 
QC divide (Fig. 1, B to F), In the £6263 mutant 
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shown in Fig. 1F, one of the QC cells has divided 
in a three-celled QC when 
al section. We determined 
at QC 
phenotype by quantifying cell divisions for 1 
days aller germination, QC organization is iden- 
tical in both wikl type and mutants (E6263, 
E4510) at 2 days. By 4 d ctmination, 
96% of mutant moots have undergone QC divi 
sions, whereas none was observed in wild type 
1, E and F), By 8 and 12 days, 
QC divisions had occurred in all mutant plants 
ined (n > 20)(Fig. 1, G10 J). Thus, the gene 
that is defective in the £6263 and E4510 mutants 
js required normally to repress division in the QC 
during wildtype development and is usually ac 
tive during or soon alter 

We determined by positional clon 
defective gene in these mutants is ABg 
(fig, SI). AGgS1770 encodes ETHYLENE 
OVERPRODUCERI (ETON), and plants homo- 


the time course of the onset of the mut 


J afier 


2ygous for loss-oF function eto mutations pro- 
duce excessive amounts of ethylene (7, §) 
ETOW/AGS1770 is a ubiquitin E3 ligase that 


controls the rates of ethylene synthesis by mod: 


lating the levels of a 
ylic acid synthase $ (ACSS), w protein that 


inocyclopropane carbox- 


catalyzes the rate-limiting step in ethylene bio- 
synthesis (N), ETO/ is expressed throughout the 
plant (fig. $1), Mutations in £6263 (hen 
etol-I1) and EASVO (hereafter eto1-12) result in 
GE and GR at amino acid positions 45 
786, respectively. Moreover 


emosses. between 
plants that are homozygous for the reeessive 
c1ol-I1 mutation and the previously character 
ized recessive efo/-1 mutation prostuce mutant 
F1 offspring with deregulated QC cel i 
Which indicates that mutation of the ETO/ gene 
is responsible forthe observed QC phenotype 

Our data suggest tha ethylene promotes cell 
division in the QC. An altemative hypothesis is 
that ETOL E3-ligase controls QC division by 
regulating the degradation of other peotcins th 
play no role in ethylene bi 


synthesis. To distin 


uish between these alternatives, we determined 
\whether QC division could be controlled by exper 
ally manipa 


is. I the QC phenotype of ee mutants 


1g ethykne biosynthesis. or 


Wore the result of ethylene overproduction 
the inhibition of ethylene biosynthesis by 2- 
aminoethoxyinyl glycine (AVG) shoul suppress 
the supemumerary divisions inthe QC ofthe er 
mutant, We observed no extra QC eel divi 
eto} mutants grown in meta supplemented with 
0.5 uM AVG Fig. 2, A 10). Similarly, if super 
numerary cell divisions in the QC of eto/ mutants 
were ethylene dependent, it should be possible to 
phenocopy eto! by exposing wiktype plants to 
ethylene. Growing wik-type plants in the presence 
fof ethiykene precursor I-amino-L-eyclypeopane 
carboxylic acid (ACC) (50 4M) induces. QC 
cell division (Fig. 2D), Furthermore, the eta 
‘mutant carries a dominant mutation in an ACC 
synthase (ACS) gene that results in the over 
production of ethylene (9, 10). In these mutants, 
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the QC cells also undergo supemumerary cell 
divisions, as they do in eto mutants (Fig. 2E), 
These data support the conclusion that the 
overproduction of ethylene is responsible for the 
supemumerary divisions that occur in the QC 
divisions in ero roots 
To further verify that ethylene promotes QC 
cell division, we determined the QC phenotype 
of plants with defective ethylene signaling. The 
CONSTITUTIVE TRIPLE RESPONSE (CTRI) 
protein is an of the ethylene 
signal transduction cascade, and loss-of-function 
‘mutations in the CTR/ gene results in constitutive 
tivation of cthykene signaling (9). If ethylene 
¢ responsible for the stimulation of QC di 
vision in the efol mutant, we predict that QC 
cells should also divide frequently in the cir? 
mutant, An increased frequency of cell divisions 
in the QC of ctr! mutants results in 
nization that is indistinguishable 
observed in evo! mutants (Fig, 2, B a 
We quantified the numbers 0 
divisions induced by ethylene by quantify 
umber of QC cells in medial long 
‘of roots. Although such numbers underestimate 


tudinal sections 


Fig. 1. Identification of mutants in which the QC cells di 


the exact numbers of cell divisions, they allow 
comparison of the numbers of cell divisions in 
duced in the QC in these different backgrounds and 
tucatments. Treatment of wild-type seedlings with 
ACC inereased the number of extra cells from 
(0,022 = 0,003 (SD) to 1.25 = 0,05 (SD), Similarly, 
tol {1.35 * 0.025 (SD)] and ctr! [1.50 = 0,001 
(SD)] mutants had more QC eell divisions than 
wild type [0,022 = 0.003 (SD)}. Thes 
correspond 10 an average of at least one extra cell 
division per 4-day-old seedling (n= $0), These 
netic and pharmacological data indicate that 
ethylene promotes the division of cells in the QC 

To determine the identity of the cells that 
result from the ethylene-induced division of the 
QC, we determined the expression of a number 
of QC-expressed genes in e#o/ mutants and in 
wild-type plants trated with $0 yM ACC, The 
enhancer trap gene is expressed in QC 
untated wiklype roots (11) (Fig, 3, G 
and 1). Wild-type roots treated with ACC express 
the QC2S enhancer trap in the supemumerary 
cells that result from QC division, indicating that 
the new cells have QC identity (Fig. 3, Hand J), 
SCR is a transcription 


itor that accumulates 


(A) Wild-type stem cell niche 


‘organization (schematic). (B) Wild-type, (C) £6263, and (D) £4510 root morphologies. Cellular 
‘organization of the stem cell niche region (a pair of cells in longitudinal section) in (E) 4-day-old, 
(G) 8-day-old, and (W) 12-day-old wild-type roots, as revealed by propidium iodide staining. Red 
lines show the outline of the two QC cells that are visible. Cellular organization in (F) 4-day-old, 
(H) 8-day-old, and ()) 12-day-old £6263 mutant roots showing supernumerary divisions in the OC 


(red arrowheads), Scale bars, 25 ym. 


Fig. 2. Ethylene promotes 
QC cell division. Stem cell 
niche organization of (A) 
wild-type, (B) eto1-11 mu- 
tant, (© etol-11 treated 
with AVG (0.5 Nt, (D) witd 
type treated with ACC (50 
uM), (E) eto2 mutant, and 
(F) ctr mutant roots. Red 
arrowheads, extra cell divi- 
sion in the QC. Scale bars, 50 ym. 
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in the QC and is required for its development 
(/2, 13) (Fig 3A). In the efol mut 
type roots treated with ACC, SCR is expressed in 
cells derived from QC division, which confirms 
their QC identity (Fig. 3, B and C). Furthermore, 
We examined the expression of the enhancer tap) 
10371, which is expressed in the QC of wild type 
(Fig. 3 D).0571 is expressed in the QC cells and 
their derivatives in wild-type plants treated with 
ACC and in eto! mutants, indicating that the cells 
that form as a result of QC division have QC 


stand in wild- 


identity (Fig. 3, E and F), Together these data 
indicate that, although QC division is contolled 
by ethylene, the identity of these cells is. un 


affected by this hormone. 


tively regulated differentiation 
inital cells (3). Ablation of QC 
cells in wikd-type roots results in the precocious 
differentiation of columella initials, which can be 
monitored by lugol staining of the starch 
present in columella cells but not columella ini 
tials (3, 14), We stained both eto? and wikl-type 
wn in the presence of ethylene with Iu- 
re ined cells 
below the supemumerary cells in the ero! and 


whether they ne 
.e surround 


cethylene-treated ots (Fig. 3, H and J), Therefore, 
the supemumerary cells produced in the QC of 
tol mutants display both QC identity and QC 


fimction 
Because high levels of ethylene induce cell 


produce less ethylene than wild type and in 
plants that are ethylene insensitive. The extra 
divisions that occur in eto mutant roots result in 
the formation of more columella layers [6.09 

0,06 (SD)] than wild type [3.0 + 0.06 (SD)| 
(fig, S2). Therefore, we used cell layer number in 
the columella as a proxy measure of cell division 
activity in the QC ETOL 
(CaMV’35S::ETO1) produce less ethylene and 
have fewer layers [4.16 = 0.11 (SD)] (Fig. 4C) 
than wild type (Fig. 4A) (8), Similarly, wikl-type 
plants grown in the presence of AVG develop 
Fewer columella layers [3.8 = 0.11 (SD)] (Fig. 4B). 
ethylene insensitive? (ein2) mutant plants in 
sensitive to ethylene because they have a block 


Plants overexpressi 


divisions of the QC, we hypothesized that cell 
division would be repressed in plants that 


in ethylene signal transduction also developed 
than wild type (7, 15) (Fig. 4D), 
Tog 2 support the conclasion that 
cell division in cells of the QC is ied by 


To test whether the extra cells that form in 
e101 mutants function as QC cells, we determined 


Auxin regulates the development of the stem 

the A. thaliana root, and ethylene and 
auxin interact 10 control developmental processes 
(16-18), Therefore, it is possible that the 
cthylone 


cells 


nduced QC cell divisions observed in 


etol mutants or in ethylen 
roots result from the act ait 
dependent cell division pathway in the QC, No 
extra divisions were observed in the QC eells of 
wikl-type seedlings that were treated with 0.1 iM. 
of naphth 
treated controls (fig. S3, E and J), This suggests 


etic acid compared with un- 


that auxin itself is not sufficient to induce cell 
division in the QC of seedling rots, (Further 
supporting evidence is presented in fig, S3, A101) 


Fig. 3. QC cell identity and function are maintained in eto mutants. SCRpvo::GFP expression is present 
in (A) the QC cells of wildtype, (B) the new cells derived from the extra divisions (white arrow) in the QC of 
‘ACCtreated wild type, and (C) eto1-11 mutant. The enhancer trap J0571 is expressed in (D) the QC cells 
in wild-type, (E) the extra QC cells that develop in wild-type roots treated with ACC (50 Mt, and (F)eto- 
11 mutant, The QC-25 marker line expresses {-glucuronidase (GUS) activity (blue) in the QC, and lugol 
staining marks the differentiated columella cells. (G and I) n wild type, there is a single nonstaining layer 
of initials (arrow) between the QC and the columella. (i) i a higher-magnification view of (G). (H and J) 
The presence of functioning initials is revealed by the absence of lugol staining (arrow) in wildtype treated 
with ACC (50 uN), where there isan increase in the number of blue-stained QC cells (arrowheads). ())'s a 
higher-magnifcation view of (H). Scale bars, 50 jum {(G) and (H)], 25 ym [() and ()). 


Fig. 4. Ethylene stimulates cell division leading to 
the formation of additional columella cell layers. 
(A) Phenotype of wild-type root. There is a de- 
cease in the number of columella layers (red dots) 
in (B) wild-type roots that have been treated with 
ANG, (C) plants harboring 355::€7012, and (D) ein2 
‘mutants. Scale bars, 50 jim. 
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‘We have shown that ethylene determines the 
balance between proliferation and quiescence 
‘of stem cells in the root. Our data also indicate 
that mitotic quiescence is not required for the 
cell-to-cell signaling function carried out by 
these cells during the root development. Given 
the role that ethylene plays inthe perception and 
transmission of environmental cues. itis likely 
that this hormone impacts on aspects of post- 
‘embryonic development that are regulated by 
both endogenous developmental and exogenous 
env al signals, This ethylene-mediated 
integration of endogenous and exogenous siz- 
nals to control QC division is an attractive mo- 
‘ular framework that explains how the 
ronment modulates stem cell division and 
ty during the postembryonic stage of the 
plant life cycle. 
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Leukotrienes are proinflammatory products of arachidonic acid oxidation by S-lipoxygenase that 


have been shown to be involved in respiratory and 


‘cardiovascular diseases. The integral membrane 


protein FLAP is essential for leukotriene biosynthesis. We describe the x-ray crystal structures of 


human FLAP in complex with two leukotriene biosynthesis 


resolution, respectively. The structures show that i 


ibitors at 4.0 and 4.2 angstrom 
inhibitors bind in membrane-embedded pockets 


of FLAP, which suggests how these inhibitors prevent arachidonic acid from binding to FLAP and 


subsequently being transferred to 5-lipoxygenase, 
This structural information provides a platform for 
and cardiovascular diseases. 


ccukotrienes are lipid mediators of inflam- 
I mation that are involved. in the patho- 

.cnesis of respiratory and cardiovascular 
diseases (/, 2). Cellular activation by immune 
complexes and other inflammatory stimuli re- 
sults in an increase of intracellular calcium and 
the translocation of eytosolic phospholipase A 
(€PLAx) and S-lipoxygenase (S-LO) from the 
eytosol to the nuclear membrane (3). In the pres= 
cence of the Slipoxygenase-activating protein 
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thereby preventing leukotriene biosynthesis. 
the development of therapeutics for respiratory 


(FLAP), arachidonic acid (AA) released fiom the 
nnuckar membrane by cPLA2 is delivered 10 
$-LO for conversion 10 $4S)-hydroperoxy- 
68,11.14-cicosatetraenoic acid (S-HpETE) and 
then leukotriene Ay (LTA) (4). Membrane inter- 
action of S-LO with FLAP is essential for louko- 
triene biosynthesis (3-5). FLAP is an integral 
membrane protein that belongs to the MAPEG 
(membrane-associated proteins in eicosanoid and 
‘glutathione metabolism) superfamily (6-8). In 
contrast to other MAPEGs, FLAP has not been 
shown to have enzymatic activity or to be func- 
tionally modulated by glutathione. 

‘The FLAP inhibitor MK-591 inhibits cellu- 
lar biosynthesis of the neutrophil activator leu- 
kotriene By (LTB,) and the bronchoconstrictive 
and vasoactive leukotrienes C,, Dy. and Ey (LTC. 
LTD,, and LTEy. collectively known as eys- 
teinyl leukotrienes) and has been shown to be 
efficacious in allergen challenge and chronic 
asthma clinical trials (9, 10). FLAP inhibitors 
have also heen shown to be protective in acute 


and chronic animal cardiovascular models, and 
‘human polymomhisms have been linked to in- 
creasad risk of myocardial infraction and stroke 
(1, 11), These studies suggest that, in addition to 
their therapeutic benefit in respiratory dis 
FLAP inhibitors will have an important future 


role in the prevention and treatment of cangio- 
vascular disease (J, 10, 11). 
FLAP was discovered because it binds 


MK-886, a leukotriene biosynthesis inhibitor 
that prevents the binding of AA to FLAP in 
concentration-dependent manner (/2} 
also blocks the association of FLAP with 
at higher concentrations (13, 14), FLAP fune= 
tions both as a membrane anchor for $-LO (3) 
and as an AA-binding protein (/2). How FLAP 
activates $-LO is not understood, but it involves 
«a physical interaction between FLAP and $-LO 
(U5). To understand FLAP's role in leukotriene 
production and how inhibitors regulate is fune- 
tion, we determined the x-ay crystal structure of 
FLAP in complex with two leukotriene biosyn- 
thesis inhibitors. 

‘The crystal structures of FLAP in complex 
with MK-S91 and an iodinated analog of MK- 
591 (Fig. 1, A and B)(/0, 13) were determined 
at 40 A and 4.2 A resolution (figs. SI to SS and 
table SI), FLAP contains four transmembrane 
helices (cl to ce) that are connected by two 
elongated cytosolic loops (C1 and C2) and one 
short ume: The 
‘orientations of the cytosolic and tu 
‘of FLAP are consistent with previous studies on 
MAPEGs (16-18). Lumenal helix aL. (residues 
3 10 8) precedes helix aut (residues 10 t0 37) and 
is linked to helix al by a single residue at the 
ower leaflet of the membrane (Fig. 1C). Cy- 
tosolic loop CI (residues 38 to 47) connects the 
first helix to the second (residues 48 to 77), and 
both protrude fiom the upper leaflet of the 
membrane. Helix a2 has a distinctive bend at 
residue P6S at the midpoint of the membrane. 
Loop LI (residues 78 to 80) connects the sec- 
‘ond to the third helix (residues 81 to 101) which 
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perpendicular to the plane of the bilayer. Loop 
(C2 (residues 102 to 115) connects the third helix 
to the fourth (residues 116 10 138). Helix ort be 
gins in the middle of the membrane and con 
tinues into the lumen, The C terminus of FLAP 
disordered beyond residue G140. This 
region is highly conserved among other FLAP 
Proteins but not in other MAPEGs, suggesting 


Fig. 1. (A) Chemical 
structures of MK-591 and 
(B) an iodinated analog 
‘of MK-591. (© The FLAP 
monomer viewed par- 
allel to the nuclear mem- 
brane with red helices 
and green loops. The un- 
structured terminus of 
FLAP (residues 141 to 
161) extends beyond 
6140, (D) The FLAP trimer 
with monomers colored 
‘green, cyan, and magen= 
ta, The view is given 
parallel to the nuclear 
‘membrane. Bound inhib 
itor molecules are shown 
a stick models with yel- 
low carbon atoms, bive 
nitrogen atoms, red oxy- 
‘gen atoms, and purple 
fodine atoms. 


aio 


Fig. 2. Electrostatic sur- 
face of FLAP. The view is 
given (A) parallel to the 
nuclear membrane, (B) 
from the cytosol, and (C) 
from the lumen. One of 
the three surface grooves 
has been circled. The cy- 
tosolic and lumenal ends 
‘of the trimer ae positive- 
ly charged and negative- 
'y charged, respectively. 
(D) Central pocket of 
FLAP as calculated by 
CASTp (Computed Atlas 
‘of Surface Topography of 
proteins) (28). Bound in- 
hibitor molecules. are 
shown a5 stick models 
with green carbon atoms, 
blue nitrogen atoms, red 
‘oxygen atoms, and pur- 
ple iodine atoms, and the 
trimer is shown as a 
white coil. The front of 
this pocket has been 
removed for clarity. The 
lumenal entrance to this 


that it may have a role in the biological activity 
of FLAP. Analysis of sequence similarity in- 
dicates that the secondary structure of FLAP 
is probably shared among other MAPEGs, but 
FLAP docs not display significant structural 
homology with other protein containing. trans- 
membrane helical bundles. Structural compar- 
isons between human FLAP and rat microsomal 


‘amen 


pocket is formed by negatively charged helices. The negatively charged constriction within the membrane 
is formed by residues Q58 and D62. The surfaces are colored by electrostatic potential with blue and red 


corresponding to +40 kT and ~40 KT. 
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glutathione Saransferase-1 (mGST-1) produces 
4 root mean square deviation of 3.1 A for 107 
aligned residues (fig. S2, A 10 C). The proposed 
‘2lutathione binding site in rat microsomal glita- 
thione transferase | (/9) is not conserved in FLAP, 
and there is no electron density in that region of 
the molecule, consistent with the lack of evi- 
dence that FLAP is modulated by glutathione, 

FLAP crystallizes as a homotrimer (Fig. 1D), 
consistent with previous studies on MAPEGs 
(19-21). The trimer has a flattened cytosolic top 
(Figs, 1D and 2B) and a slightly pointed lumenal 
base (Figs. ID and 2C), Electron density and 
temperature factors indicate that the cytosolic 
Joops are flexible. The three-fold axis of the 
trimer is perpendicular to the plane of the mem 
brane, and it resembles a eylinder 60 A high 
and 36 A wide. 

There are extensive imtersubunit, contacts, 
\with each monomer burying ~4900 A?, On both 
sides of the membrane and within the bilayer, 
eytosotic loops Cl and C2, lumenal helix aL, 
and helices «il, a2, and 4 form an elaborate 
network of intermolecular contacts, Unexpsct- 
cally helix a3 and the fumenal loop do not form 
any intersubunit contacts within the membrane, 
‘There are abso three polar interactions (N. 
‘T66, QSS-QS8 and QS8-D62) between adjce 
monomers near the three-fold axis. Hydrophobic 
residues fine the membrane-embedded portion 
‘ofthe intersubunit interfaces and form extensive 
‘nonpolar contacts, There is aso nonprotein ek 
twon density in the lipid-exposed regions that 
most likely represents bound detergent or lipid 
molecules, 

Thee ~750 A? grooves are located between 
adjacent monomers on the lipid-exposed surface 
of the trimer (Fig, 2A). Within these grooves, 
there is clear connected onprotein electron 
density and peaks in anomalous difference maps 
that are consistent with three bound inhibitor 
molecules (figs. $3 to SS). Inhibitors intercalate 
between monomers in the surface grooves and 
form yan der Waals interactions with residues 
‘V20, V21, G24, F2S, and A27 from helix al: 
YLI2 and 1113 from eytosolic loop C2; A63 
fiom helix 02; and 1119, L120, and F123 from 
helix ad of the adjacent monomer (Fig. 3, and 
B). A limited number of weak polar interactions 
are also formed with residue N23 from helix «tl, 
Dé2, and T66 from helix «2, and K 116 from 
helix a4 of the neighboring subunit (Fig. 3, A 
and B). 

Given the resolution of our electron density 
maps and the unexpected location of the inhib- 
itor binding site, we performed direct -muta- 
‘genesis 10 confirm the location of the site by 
measuring the binding of radiolabeled iodinated 
analog of MK-S91 to mutant forms of FLAP. 
Mutating residues close (£4 A) to the inhibitor 
cause a dramatic decrease in binding affinity 
(Fig. 3A and table $2). Unexpectedly, several 
irected mutations increase inhibitor bind 
affinity (V20A, 1113A, KI6A, and Al-10). The 
insensitivity of mutations distant from the bound 
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Fig. 3. The inhibitor binding site of A 
FLAP in complex with (A) the iodinated 
analog of MK-591 and (B) MK-591. 
‘Monomers are colored green, cyan, and 
magenta, All side chains within these 
inhibitors are shown as sticks. Inhibitor 
molecules are shown as stick models with 
yellow carbon atoms, blue nitrogens, red 
‘oxygens, purple iodines, green chlorine, 
and orange sulfur. 


inhibitor (>4 A) suggests that the observed loss 
in binding affinity is a dircet result of mutating 
proximal residues and not due to aberrant fold- 
Collectively, these data support our identi- 
tion of the inhibitor binding site. 
Previous studies defined regions of FLAP 
that are important for binding of inhibitors (table 
(22-24), When viewed in the context of the 
FLAP structure, most ofthe loss-of-function de- 
letions ane at the cytosolic surface, Jointly re- 
moving the cytosolic portions of helices al and 
‘a2 and cytosolic loop Cl woukl substantially 
alter the FLAP structure, providing a likely ex- 
planation for the observed loss in inhibitor 
binding. In contrast, the mutations that do- not 
significantly affect activity involve removing a 
short eytosolic picee of helix cl and/or eytosolic 
Toop C1 or three residues from cytosolic loop 
C2. These mutations wouk! cause a minimal 
structural perturbation and would not affect 
inhibitor binding 

Perhaps the most unexpected feature of the 
FLAP structure is an internal ~3.200 A* pocket 
‘a the bottom of the trimer and open to the li 
men (Fig, 2, C and D), The entrance to this 

cket has an intemal diameter of ~6 A and is 
med by the lumenal helices and loops that 
define three distinct entry erevices on the lume 
nal surface of the trimer (Fig. 2, C and D). The 
pocket extends to about the middle of the mem- 
brane, where itis constricted by a symmetric ring 
‘of P6S residues (minimum radius of OS A) 
(25), which coincides with the bend in helix «2, 
Proline-induced distortions. in_ transmembrane 
helices are known to be involved in transmem- 
brane signal transduction and solute transport 
by acting as molecular hinges (26). An addi- 
tional symmetric ring, formed by residues QSS 
and D62 from helis @2, sits above this point 
The asymmetric distribution of the electrostatic 
Potential of this pocket is striking: Its lumenal 
cenirance and-membrane-embeddal constriction 
point are negatively charged, whereas the interior 
lining is largely hydrophobic (Fig. 2, C and D). 

By combining the structure presented here 
With previous data, we can propase a model 10 
explain the selective transfer of AA to $-LO by 
FLAP and how FLAP inhibitors prevent this 
‘process, Cellular activation initiates the ealcium- 


dependent translocation of cPLA: and S-LO 
from the cytosol to the nuclear membrane. The 
N terminus of $-LO contains a calcium-binding 
domain that presumably anchors it 1 the nue 
clear membrane adjacent 10 FLAP. It is reason 
able to assume that the C-terminal catalytic 
domain of $-LO binds to the cytosolic loops of 
FLAP. Previous FLAP mutagenesis studies 
show partial overlap between the AA and in- 
hibitor binding sites of FLAP (22-24). Our 
structure shows that the inhibitor binding sites 
are located within nuclear membrane, which 
[provides an appropriate environment for the 
Tateral diffusion of AA molecules to FLAP. This 
‘event may be coupled to structural changes in 
FLAP, specifically the relative conformation of 
helix «2, the constriction formed by the sym 
metrical ring of P6S residues. and the negatively 
charged symmetrical ring of QS8 and D&2 res- 
idues. We hypothesize that one $-LO molecule 
bbinds to each FLAP trimer and that AA. mol 
ccoules are sequentially transfered to S-LO. When 
loaded with AA, S-LO converts AA to HpETE 
and then to LTAg, which can be either converted 
to LTBg by Ieukotriene Ay hydrolase, exported 
from cells for transcellular metabolism, oF re 
leased back into the nuclear membrane for 
conversion to LTC, by Ieukotricne Cy synthase 
2.4, 5). The lateral transfor of LTA, from FLAP 
to Ieukotriene Cy synthase within the nuclear 
membrane is consistent with recent observations 
showing that these MAPEGs form a-macro- 
molecular complex (27) 

Leukotrienes have an established patho- 
logical role in allergic and respiratory dis- 
eases. Animal and human genetic evidence 
suggests they may also have an important role 
in atherosclerosis, myocardial infarction, and 
stroke, The structure of FLAP provides a tool 
for the development of novel therapies for nes- 
piratory and cardiovascular diseases and for 
the design of focused experiments to probe the 
cell biology of FLAP and its role in Jeukotri- 
‘ene biosynthesis. 


References and Notes 
1. C.D. Funk, Not Rev. Dr Disco 4, 664 (2005) 
2 CD. funk, Science 294, 1871 2000. 

3. b Woots et ol, a, ded. 278, 1935 (2993). 


4. 0. Radmat, B. Samuetson, Biochem. Biophys: Res, 
Commun. 338, 102 (2005), 

5. G Felco, RC Murphy, Pharmacol. Rex, $8, 375 
(2000), 

6. A Brest ol, FEBS J 272, 1688 (2005), 

7. R.A Dison eto, Notre 343, 282 (1990). 

8, 0, filer eto, Notre 343, 278 (1990), 

9. Z Diamant et ol, J Allergy Clin, Immunol. 95, 42 
(a9), 

10, K Young, fur Med. Chem. 34, 671 (1999), 

LL A Helyattr ol, Not. Genet, 36, 233 (2004), 

12, J. Mancino, FEBS Let. 318, 277 (1993), 

13. Young, J Gillard, J. Hutchinson, 5. Leger, 
1. lipid Medion. 6, 233 (1993). 

14. C Router, A. Ford-Hutchinson,H. Monto, J. Gitar, 

J. Bol, Chem. 265, 1436 (1990) 

15, H, Plante, 5, Par, J. Mancini . Borgeat, Biochem. J 
393, 211 (2006), 

16, BK Lam, | F. Penrose, K. Xu, MM. Balsa, 

K Austen, J Biol Orem 272, 13923 (1997). 

117, C Adesso, R, Weinander, G. Landay}. W. DePiere, 
A Mergenster, Biochim. Bophys Acta 1204, 298 
994), 

1B, R Weinander et oJ. Blok Chem, 272, 87. (1997). 

19. P. Mal eto, J Mo. Biol. 360, 934 (2006), 


a, 


22, P Vickers eto 1. Lipid Media. 6, 31 (1993), 

23. | Mancei, ML Coppa, Kase, S. Charleen, Vices, 
Ue So, 54, 137 (1998), 

24, P Vikes et ol, Mol. Pharmacol. 42, 94 (1992). 

25. 0. Smart, Neduvell, X. Wang, B. Wallace M, Sansom, 
J Mol Graph, 14, 354 (1996), 

26, F. Cores |. Bight, M. Sansom, J Mol. Bio 323, 952 
2002). 

27, A.Mandal eto, Proc, Not. Acad. $d, USA 103, 6587 
(2008). 

28, 1, Binkowshi,LAdamian, J Lang, 1 Mol. Biol 332, 505 
(2003), 

29, We thank K. Bateman, T. Leche, and D. Zink for mass 
spectrometry dats; | Badger f 


structure factors have been deposited in the Protein Ota 
‘Bank under the accession codes 207 and 2078, 


‘Supporting Online Materiat 
om ciencemag orgepiontentfll11 443467001 
Materials and Methods 

Figs 51 1055 

Tables $1 10 $3 

Reterences 

27 bent 2007; accepted 15 June 2007 

Fublised enine 28 June 2007; 

O12 cence 1146346 

Include tis intamation when ting this pape. 


27 JULY 2007 VOL317 SCIENCE wwwsciencemag.org 


Spring-Loaded Mechanism of DNA 
Unwinding by Hepatitis C Virus 


NS3 Helicase 


Sua Myong,"?* Michael M. Bruno,?* Anna M. Pyle,** Taekjip Ha*?* 


'NS3, an essential helicase for replication of hepatitis C virus, is a model enzyme for investigating 
helicase function. Using single-molecule fluorescence analysis, we showed that NS3 unwinds DNA 
in discrete steps of about three base pairs (bp). Dwell time analysis indicated that about three 
hidden steps are required before a 3-bp step is taken. Taking into account the available structural 
data, we propose a spring-loaded mechanism in which several steps of one nucleotide per 


adenosine ti 
relieved periodically via a burst of 3-bp unwi 


josphate molecule accumulate tension on the protein-DNA complex, which is 


NS3 appears to shelter the displaced strand 


during unwinding, and, upon encountering a barrier or after unwinding >18 bp, it snaps or slips 


backward rapidly and repeats ui 


ding many times in succession. Such repetitive unwinding 


behavior over a short stretch of duplex may help to keep secondary structures resolved during viral 


‘genome replication, 


nn hepatitis © views (HCV), nonstructural 
[= n 3 (NSS) han ese conponet 
fof the viral repl 

with the polymer in 
cofactors (such as NS4A, NSSA, and NS2) to 
censure effective copying of the virus, The NS3 
bifunctional enzyme that contains 
c and helicase domains (/-3) and is 
in unwind both DNA and 
RNA substrates (4, 5), Unwinding of the highly 
structured RNA genome of HCV is likely to be 
the major role for the NS3 helicase: however, it 
remains possible that activity toward host DNA 
substrates plays a role in viral function. Indeed, 
NS3 rapidly binds DNA and unwinds it pro- 
cessively (6). Given these facts and the availa- 
bility of crystallographic data on NS3-DNA 
complexes (7-9), we sought to elucidate the 
elementary steps and kinetic mechanisms 
involved with NS3 unwinding of DNA. 

In-a previous ensemble study, NS3 was ob- 
served to unwind RNA with a physical and 
kinetic size of ~18 base pairs (bp) (/0). More 
recently, single-molecule mechanical studies 
under assisting force confirmed the periodic 
nature of RNA unwinding by NS3, but displayed 
rapid steps of ~3 to bp that were interrupted by 
Jong pauses approximately every 11 bp (Jd). 
These lange apparent steps by NS3 contrast with 
structural studies of other helicases, which 
suggest that the elemental step for helicase 
activity is the unwinding of single base pair, 
and that this is linked 10 individual adenosine 
triphosphate (ATP) hydrolysis events (/2, 13), 
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Nonetheless, there are no functional data sup- 
porting the existence of unwinding steps of a 
single base pair cach, nor any information on 
how they might correlate with the larger steps 
that appear to be involved in the mechanical 
function of helicase enzymes (4). 

We used single-molecule fluorescence re 
fonance energy transfer (FRET) to resolve the 
individual steps of DNA separation catalyzed by 
NS3 in theabsence of applicd force. Our standard 
substrate, PDI, isa partial-duplex DNA (18 bp) 
with a 3 single-stranded DNA (ssDNA) tail 20 
rnuckeotides (nt) in length. The donor (Cy3) and 
acceptor (CyS) fluorophores are attached to the 
junction through aminodcoxy thymidine without 
interrupting the DNA backbone. The DNA. is 
tethered to a polymer-passivated quartz surface 
via biotin at the 3° tail terminus (Fig. 1A). After 
incubation of this assembly with full-length NS3 
protein (25 nM) for 1S min, 4 mM ATP solution 
is flowed into the cell to initiate DNA unwinding, 
The flow of ATP also serves to remove unbound 
[protein in solution and thereby allows us to 
monitor unwinding by prebound NS3 (15). 

ler addition of ATP, we observed a FRET 
decrease that is caused by the increase in the 
time-averaged (time resolution, 30 ms) inter- 
Auorophore distance as the DNA is unwound. 
‘The measurements taken at 37°C indicate a rapid 
FRET decrease that appears to involve inter- 
madiate steps (fig. S1). When the temperature 
was lowered to 30°C to slow the reaction, FRET 
values decreased with a discrete pattem marked 
bby apparent platcaus corresponding to six steps 
for unwinding of the 18-bp duplex (Fig. 1, B 
to E). The same experiment was then performed 
With an otherwise identical substrate, PD: 
Which the fluorophores were relocated 9 bp away 
from the junction, such that FRET signal is sen- 
sitive only to the final 9-bp unwinding (Fig. 1F). 
Plateaus were also observed in that case, al- 
though they occured with larger FRET incre- 
ments corresponding to three unwinding steps for 
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‘unwinding 9 bp (Fig. 1.G to). Both sets of data 
ae consistent with a 3-bp unwinding step size, 
‘The data also indicate thatthe two strands do not 
spontaneously separate when only a few base 
pairs remain (ie, via thermal duplex fraying). At 
the end of each experiment, the displacement of 


acceptor-labeled strands was confirmed by a 
direct excitation with a red laser 
‘To quantify the stepping behavior, we used an 


then built transition density plots (J7), whieh rep- 
sesent the two-dimensional histogram for pairs of 
values before (FRET enter) and after 
(FRET exit) cach transition, Six and three well 
isolated peaks emenged for 18-bp and 9-bp un- 
winging, respectively (about 75 molecules each) 
Band E). The highest FRET peak region 
(Fig. 2B) appears to be in broader distribution 
than other peak regions, possibly asa result of the 
NS3 binding and fluctuating or partially melting 
the junction and thus slightly separating the two 
dyes This analysis shows that there are well 
defined FRET states that are visited sequentially 
during unwinding and that they are each sep- 
axated by about 3 bp, Similar evidence for 3-bp 
‘unwinding steps was found for unwinding. an 
18-bp duplex of unrelated sequence (fig. $3). 
If 3 bp is the clementary step size of 
unwinding —for example, due to the hydrolysis 
of asingle ATP the dwell time histogram of the 
steps would followa single-exponential decay, In 
‘contrast, we obtained nonexponential dwell time 
histograms that displayed a rising phase followed 
by a decay (Fig. 2, C and F). If we assume that 
each 3-bp step requires 11 hidden iireversible 
Poissonian steps with identical rate, the data ean 
be fit with the gamma distribution, /”"" expr), 
The fits gave n= 2.84 for 18-bp unwinding and 
‘n= 2.72 for 9-bp unwinding. The k values were 
0.78 sand 0.89 1, respectively. These rates 
are similar to the unwinding rate estimated from 
an earlier bulk solution study ofan 18-bp duplex 
of unmodified DNA (0.66 5 bp!) (6). Dwell 
time histograms built for individual steps gave 
similar and & values for each step (fig. S4) 
Overall, our data suggest that each 3-bp step is 
composed of three hidden steps of 1 bp, presum- 
ably due to hydrolysis of one ATP each, The 
emerging model here is that, afer three succes- 
sive ATP hydrolysis events, there occurs an 
abrupt 3-bp s 
The helicase domain of NS3 (NS3h), be- 
longing to superfamily 2 (SF2), has three do- 
mains. Domain | and domain 2 have RecA-like 
folds, and there is an ATP-binding pocket 
between the domains. Inthe crystal structure of 
NS3h bound to deoxyuridine octamer (dU)y. 
domains | and 2 make contacts exclusively to the 
pPhosphate-ibose backbone of (dU)y with no con- 
tact to the bases (9). Nonetheless, bases are well 
resolved in the structure and there is enough room 
for duplex formation on the 5” side, with only a 
sminor change in the relative position of domain 3. 
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‘The structure, obtained in the absence of ATP, 
shows that two highly conserved threonines (Th? 
and Thi") bind to two phosphates that are lo- 
‘cated 3 nt apart, Mutation of either of these NS3 
threonines abolishes unwinding activity (/8). By 
contrast, the Vass helicase and elF4AIT struc 
tures, detemnined with adenyly-imidodiphosphate 
and S"adenylyl-B-y-imidodiphosphate bound, re- 
spectively (/9, 20), suggest that domains | and 2 
will close upon ATP binding and that this would 
bring the equivalent two threonine residues 2 nt 


apart (ig. SS, A to C). This change in the distance 
between threonine contacts may represent. the 
structural basis for a I-nt movement: Each ATP 
binding and product release event és expected to 
result in the I-nt movement of domains | and ?in 
the 3 to 3" direction. 

Domain 3 presents a tryptophan (Trp") that 
is critical for activity. The importance of an ar- 
‘omatic residue at this pasition is demonstrated by 
the fact that it can be substituted with phenyl 
alanine, whereas alanine disrupts unwinding (18). 


‘The Tep™ stacks against the base at the 3’ end of 
(GU). (ig. SSA), which might keep the relative 


positions of domain 3 and DNA fixed while do- 
‘mains | and 2 translocate. This effect would lead 
to the buildup of tension on both the protein and 
the DNA, which we propose is released aller 3-nt 
translocation by a sudden movement of domain 3, 
‘with concomitant 3-bp unwinding of the DNA 
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Fig. 2. NS3 unwinds DNA in 3-bp steps. (A) PD1, a DNA with 18 double 
strands (ds) and 20 single strands Gs), was labeled with donor (Cy3) and 
acceptor (Cy5) at the ds-ss junction and was tethered to a polyethylene 
‘lycol surface by 3° biotin. (B) Cy3 (green) and CyS (red) intensities 
monitored during unwinding of a single PD molecule (raw time traces in 


light color, three-point averaged traces in dark color). (C) Calculated FRET 
efficiency versus time for the molecule shown in (B). (D and E) Two more 
‘examples of FRET traces of PDI. (F) PD2 is the same construct as in (A) but 
prepared with dyes in the middle of duplex. (G to }) Plots analogous to those 
in (8) to (©) for PO2. 


Fig. 2. Each 3-bp step consists of 
three hidden steps. (A) A step-finding 
algorithm was used to quantify FRET 
values (orange arrows) and dwell 
times (blue arrows, Af) at each step 
fora single molecule of PO:. (B) FRET 
values obtained from 75 molecules of 
PD1 were combined to make a total 
density plot. (C) Gamma distribution 
fitting of the collected dwell times at 
‘each plateau pause duration for PDL 
yielded approximately three ir- 
reversible steps (n values) within the 
3-bp step, indicating a strong possi- 
bility of one nucleotide as an elemen- 
tary step size. (D to F) Plots analogous 
to those in (A) to (C) for PD2. 
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superimposable domain arrangement and cata- 
Iytic site (27, 22). The available crystal structures 
fof these three SFI helicases all have well 
conserved threonine pairs and an aromatic gate- 
keeper residue, phenylalanine, at the analogous 
locations to NS3 (fig. S3, D and E). ATP-bound 
Uv1D has the two threonines 2 nt apart, whereas 
Rep with no ATP shows the threonines 3 nt apart, 
‘again supporting the I-nt movement coupled to 
‘one ATP consumption (23). 

‘To observe the unwinding behavior when the 
duplex end is challenged with a presence of 
Physical blockade, we next examined unwinding 
‘ofan inverted configuration where the duplex end 
\was tethered fo the surface via biotin-streptavidis 
(Fig, 3A). In this constnuct we swapped the dye 
positions so that the donor was attached t0 the 
displaced strand and the acceptor on the tracking 
strand, AC37°C, the sume stepwise behavior was 
observed but the unwinding could not be 
‘completed, perhaps because of steric hindrance 
by the biotin-streptavidin blockade. Some mok- 
‘cules (25%) showed the displaced strand (donor 
attached strand) remaining in contact with the 
‘enzyme for long periods (lig. S6A) after unwind 
ing, whereas many others (75%) displayed 3 
repetitive FRET patter as shown in Fig. 38, In 
most cases, the peaks were asymmetric with an 

rupt FRET increase followed by a gradual 
FRET decrease, We interpret this characteristic 


pattem as repeated trials of helicase unwinding 
followed by rapid rezippingireannealing of the 
duplex. Because the unwinding reaction initiated 
after washing out five protein, such repetition 
likely arises from one unit rather than the 
successive binding of different molecules. Could 
be that the enzyme bears a secondary binding 
site that enables it to snap back to restart the next 
round of unwinding? 

We therefore designed a substrate such that 
the whereabouts of the acceptor-labeled S* end 
Of the displaced strand could be monitored via 
FRET ffom the donor at the duplex end (Fig, 
3€), Imthis experiment, we observed a repeating 
patter in the shape of an asymmetric sawtooth 
\where cach peak involved a gradual rising phase 
of FRET followed by an abrupt decrease (Fig. 
3D), indicating that the 5° region of the 
isplaced strand is brought close to the duplex. 
end! as DNA is unwound, This effect can arise 
from the enzyme maintaining contact with the $° 
region of the displaced strand or from the dis- 
placed strand becoming compact because of the 
Aexibility of ssDNA. We prefer the former sce~ 
nario because ofits consistency with the larger 
FRET changes per step seen for PD2 than for 
PDI (Fig. 1), A protein contact with the $* re- 
gion of the displaced strand would lead to a 
looping of the strand, giving rise toa langer dis- 
tance change per step if the Muorophores are 
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Fig. 3. Repetitive unwinding of a short duplex stretch. (A) PD3, a partial duplex with 18 double strands 
and a tail of 30 single strands, was labeled with cy3 and cyS at the ds-ss junction and blocked at the 
‘duplex end via biotin-streptavidin. (B) A majority of molecules (75%) showed a repetitive unwvinding 
pattern where the enzyme appeared to snap or slip back to near the junction upon encountering 3 
blockade. (C) PD4, a partial duplex with 18 double strands and a tail of 20 single strands, was labeled 
with cy5 at the ds-ss junction and cy3 at the duplex end. (D) The repetitive cycles of gradual FRET 


increase followed by rapid FRET decrease indicate 


that the displaced strand is brought close to the 


duplex end by NS3, then snaps or slips back to the junction rapidly after encountering the blockade. 
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attached to the middle of the duplex (fig. $7). In 
this view, the abrupt decrease in FRET may be 
attributed to NS3 losing its grip on the tracking 
strand and snapping or slipping back near the 
junction while maintaining contact with the 5° 
region of the displaced strand, 

On the basis of our findings, we propose the 
following model for NS3 unwinding of DNA 
(fig. $9). Domains 1 and 2 of NS3 move along 
the tracking strand (3 to $°) one nucleotide at a 
time, consuming one ATP, where ATP binding 
and ADP release induce closing and opening of 
the two domains, respectively, The thint dor 
of the protein lags behind by anchoring itself to 
the DNA until three such steps take place, At the 
third step, the spring-loaded domain 3 moves 
forward in a burst motion, unzipping 3 bp as a 
consequence. The displaced strand is likely to be 
sheltered by the enzyme instead of being released 
five. NS3 continues unwinding in 3-bp steps up 
to about 18 bp unless it encounters an apparent 
burier (movie SI), Unwinding performed with 
duplexes 24 bp or longer showed evidence of 
repetitive unwinding even when the duplex ends 
‘were not blocked (Lig. SX), which sugests that 
NS3 isnot highly efficient in going much beyond 
18 bp: this is consistent with the reported drop in 
processivity that is observed every 18 bp in RNA 
‘unwinding in bulk solution (10). 

The HCV genome is 4 ~10,000-nt singhe- 
stranded RNA that is copied upon binding of the 
NS3-NS4A-NSSB replicative complex to highly 
structured terminal untranslated regions (TRS). 
‘Sequence and structural analysis suggests that the 
UTR are complex structures comprising short 
stems and loops (24), The ability of NS3 to main= 
tain contact with displaced strands may provide 
an advantage by allowing it to stay in a local 
region to keep RNA stems unwound, because 
reforming of the secondary structure could hi 
viral replication, The repetitive unwinding beha 
jor of NS3 is reminiscent of the repeated 
translocation observed in Rep (25). 
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Sirtuin 2 Inhibitors Rescue 
a-Synuclein—Mediated Toxicity in 
Models of Parkinson's Disease 
Taheitet tonne Mises atom’ caatine sy miele mae 


Jean-Christophe Rochet,” Pamela J. McLean,*? Anne B. Young,” Ruben Abagyan, 
‘Mel B, Feany,? Bradley T. Hyman," Aleksey G. Kazantsev*t 


The sirtuins are members of the histone deacetylase family of proteins that participate in a variety 
of cellular functions and play a role in aging, We identified a potent inhibitor of sirtuin 2 (SIRT2) 
and found that inhibition of SIRT2 rescued c-synuclein toxicity and modified inclusion morphology 
in a cellular model of Parkinson's disease. Genetic inhibition of SIRT2 via small interfering RNA 
similarly rescued «-synuclein toxicity. Furthermore, the inhibitors protected against dopaminergic 
«ell death both in vitro and in a Drosophila model of Parkinson's disease. The results suggest a link 
between neurodegeneration and aging. 
A sists re 

ses, including Parkinson's disease 
(PD). Although the molecular basis of agi 
yet to be determined, biological pathways involved 
in aging may provide targets for therapeutic in- 
tervention in neurodegeneration. PD causes loss 
‘of dopaminergic neurons and development of 
Lewy bodies containing a-synuctein (a-Syn) in 
the substantia nigra (/). Allele muliplicaion and 
tons link c-Syn to familial forms of PD (2) 
nt infomation regulator 2 (Sir2), 
tinamide adenine dinucleotide-dependent his- 
tone 
humerous cell functions including cell pro 
and cell eyele regulation (3). The sirtuins 
lutionarily conserved, and seven distinct sirtuin 
proteins, SIRT to SIRT, have been identified in 
humans. The mammalian ortholog of yeast Sir 
SIRT, is up-regulated under conditions of caloric 


ng isa major risk factor for the de- restriction and resveratrol treatment and is pre- 
dicted to have a role in cell survival (4), Human 
SIRT2 is involved in cell eycle regulation via the 


deacetylation of a-tubulin (5). However, the iden- 
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ation of pS3 and histones H3 and 14 as ad- 
onal substrates for SIRT2 suggests a broader 
regulatory role in the cell (6, 7). Small-molecule 
inhibitors targeting HDACS ameliorate several 
models of neurodegeneration (8). 

Compound B2 is associated with an increase 
in intracellular a-Syn inclusion size from nu- 
merous small aggregates to larger inclusions (9). 
B2 activity was examined in a pa 
enzymatic assays including HDAC 1 and; 
SIRTI, 2, and 3; caspase 1 and 6; Beste amyloid 
precursor protein cleaving enzyme-1 (BACE 1): 
cealpain; cathepsin H, L, and S; and molecular 
chaperones Hsp70 and Hsp27. The only’ activity 
detected was a weak [med 
tration (IC) 
inhibition of SIRT2 (Fig. 1, A 
To detennine the rl 


el of eel 


«a-Syn expression constniets and synthetic small 
sins either SIRT2 or 
Were then assessed for 
vdiated toxicity 
ing the SIRT2 


SIRT3 for 24 hours 
eylotoxicity, Rescue of a-Syn 
was observed only in cells reo 
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Fig. 1. Inhibition of SIRT2 modulates c-Syn toxicity. (A and B) B2 biochemical activity profiles against 
SSIRT2 (A) and SIRT3 (B) in an in vitro deacetylation biochemical assay containing recombinant SIRT 
Proteins. (C) c-Syn-mediated toxicity can be rescued with SIRT2 siRNA and Hsp70 overexpression but 
Not with SIRTS siRNA in vitro (t test, n = 3, *P < 0.005). 
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siRNA (Fig. IC), A comparable rescue of a-Syn 
mediated toxicity was achieved with Hsp70 
overexpression (Fig, 10). 


Next, we designed a library of 200 structural 
analogs of B2 and other previously identified ag- 
‘gregation modifiers Sereening the library by means 
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3 3” 

2 - 

a, is 
Cree eS eTs ores 4867 8 
‘Compound concentration 100M ‘Compound concentration 10M 


Fes 
= 20 
gis 
® 
H 5 
H 

oie &  @ 

AGK2 concentration (uM) 


Fig. 2. Identification of a potent and selective SIRT2 


° 
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‘AGK2 concentration (uM) 
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inhibitor. (A and B) Effect of eight representative 


‘compounds (out of 200) from a focused B2 library against SIRT2 (A) and SIRT3 (B) activity identifies 


‘compound 2 (AGK2) as the most potent against Si 


IRT2. A single-dose (10 Ml) primary screen was 


‘conducted for each compound, using an in vitro SIRTZ biochemical assay. Cis DMNSO control. (C and D) 
Structure (C) and dose-response profile (D) of AGK2 in a SIRT2 enzymatic assay. (E and F) Dose- 
response inhibition profiles of AGK2 in SIRT (E) and SIRT3 (F) in an in vitro enzymatic assay. 


Fig. 3. Validation of AGK2- A 
mediated inhibition of SIRT2. 
(A) The ability of AGK2 = = 


to inhibit deacetylation of 
‘ectubulin by SIRT2 was. as- er 
sessed via immunoblot using 9 0m as 
antibodies (Ab) to acetylated Ty 
(top lanes) and total (bottom 

lanes) c-tubutin. The inactive compound AGK7 andthe 
known SIRT2 inhibitor sirtinol were included as control 
‘compounds, (B) Effect of AGK2 on activity of over- 
‘expressed SIRT2 and SIRT3 immunoprecipitated from 
Hela cells. (©) AGK2 treatment results in a dose 
dependent increase in acetylation of soluble tubulin 
monomers (S) and polymerized microtubules (P) in 
fractionated Heta cell extracts. The effect of the less 
potent SIRT2 inhibitor AGK3 is shown for comparison, 
(D) AGK2 hasa minimal effect on cell viability after 
72 hours. (E) Low-energy pose of AGK2 in SIRT2 
‘generated by virtual ligand docking. Nicotinamide 
Position is shown in wire for comparison. 
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of SIRT2 (Fig 2A) and SIRT3 (Fig. 2B) huorometric 

evealed a promising lead series scaffold, 
AGK (ig. S1A). Inhibition profiles against huraan 
SIRTI, 2, and 3 were generated (figs. S2 and $3) 
“The most potent inhibitor, AGK2 (Fig. 2C), had a 
calculated ICso for SIRT2 of 3.5 iM, representing 
a factor of 10 increase in potency over B2 (Fig 2D). 
By contrast, a slight inhibition of SIRT! and 3 
\was observed only at concentrations over 40 4M 


(Fig. 2, E and F), indicating that AGK2 was a 
potent and selective inhibitor of SIRT2. Addi- 
tional selective lowerpotency SIRT2 inhibitors 


were identified (figs. S2 and $3), 

SIRT? preferentially deacetylates c-tubulin at 
Lys™ in both purified tubulin heterodimers and 
taxol-stabilized microtubules (5), To determine 
whether AGK2 could inhibit the deacetylation ac- 
tivity of SIRT2 against a native substrate, we used 
tubulin heterodimers purified fom bovine brain. 
Trsatnent with AGK2 kad toan ineeasein acetyl 
‘uibulin ative tan inactive control, AGK7, and 
the known SIRT2 inhibitor sininol (Fig. 3A). Only 
‘one ether compound! fiom a different structural sca 
fold, AK-1, resulted in inereased acetylation in this 
assay indicating its stringent specificity (fig. S3D). 

‘To determine whether AGK2 inhibited SIRT2 
activity in human cells, we transfected HeLa cells 
With a SIRT2-mye expression construct, Immuno- 
procipitated SIRT2 was then used in the en 
assay, with or without AGK2. As anticipated, 
AGK2 was effective in inhibiting the activity of 
SIRT2-mye: hence, the activity of AGK2 Was not 
Timited to recombinant SIRT2 but was also ef. 
fective against SIRT2 that had boen folded and 
processed by the intracellular machinery (Fig. 3B), 
A comparable assay using immunoprecipitated 
SIRT3 shows no inhibition by AGK2. 

We next examined insoluble, polymerized 
microtubules and soluble c-tubulin aller treat 
ment of HeLa cells with either AGK2 or AGK3, 
a less potent structural analog of AGK2, for 3 
hours. A dose-dependent increase in a6 
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tubulin was observed in both AGK2 
treated cells relative to untreated or AGK3-treated 
cells (Fig. 3C). Thus, AGK2 could enter cells and 
act on endogenous SIRT2 in its native environ- 

K-I did not increase acetylated 
tubulin in live cells, which sugwests that its lower 
potency was insufficient to produce a detectable 
cefect in this particular assay. Incubation of HeLa 
cells with AGK2 for 72 hours resulted in only min 
imal toxicity at the higher compound concentra- 
tions (Fig. 3D), 

To elucidate the structural mechanism of SIRT2 
inhibition by AGK2 and AK-1, we developed 
‘models of human SIRT2 al different con. 
formations (/0). Compara 
energy ligand conformatio 
preferred site for ligand binding is the “C-pocket™ 
(1). This hydrogen-bonding pattem mimics the 
effect of nicotinamide, aknown inhibitor of situins 
(11), Examples of the top-scoring poses for AGK2 
and AK-I are shown in Fig 3E and fig. S4C 
respectively. 


ive analysis of the low: 
confirmed that the 


114 cells with c-Syn or a control empty vector and 
treated them for 24 hours with AGK2, AK-1, 
AGK7, or dimethyl sulfoxide (DMSO). AGK2 
reduced a-Syn-mediated toxicity in a dose 
dependent manner, whereas the less potent 
AK-1 reduced «-Syn-madiated toxicity to 
lesser extent and without clear dase dependency. 
By contrast, the inactive AGK7 had no effect 
(Fig. 4). 

To rule out other explanations for the alle 
Viation of a-Syn toxicity, we examined levels of 
«a-Syn as well as chaperones Hsp70 and Hsp27, 
Which ame known to rescue ¢-Syn-mesiated 
toxicity (/2, 13) aller AGK2 twatment. We 
detected no change in a-Syn, Hgp70, or Hsp27 in 
the presence of AGK2, As a positive contol, 
cells were treated with the Hsp90 inhibitor 
sgeldanamycin, which induces Hsp70 and prevents 
‘a-Syn- mediated toxicity in 1H cells (14). 

To assess the effect of SIRT2 inhibition on 
«Syn a nsfected 14 cells 
with c-Syn and synphilin-L, an established para 
dligm that leads to inclusion formation in 14 
cells (15). Atler transfection, cells were treated 
with AGK2, AK-I, o AGK7 for 24 hours. When 
comparal to DMSO-treated cells (F 
itive AGKT filed to affect a-Syn ageregation 
(Fig. 4D), whereas AGK2 and AK-I promoted 
the fonmation of enlarged inclusions (Fig. 4. E 
anid F), although AK-I did so to a lesser extent 

To determine whether AGK2 and AK-1 protected 
dopaminergic neurons from a-Syn-indueed toxic 
ity, we examined o-SynAS3T- dependent dopamin. 
epic cell death in primary midbrain cukures.. We 
focused our eflorts on the u-SynAS3T (Ali — 
Thr) mutant because it is more toxic than wild- 
type a-Sym in this assay (/6). Primary: midbrain 
e ¢ transduced with lentivinis encodin 
‘o-SynAS3T with or without compounds B2, AK- 
‘or AGK2. Untransduced cells were treated with 
DMSO (02%, vv) to control for nonspecific 


toxicity. Cultures infected with AS3T lentivirus we used a Drosophila model of PD (17) where 
had fewer tyrosine hydroxylase (TH)-positive — a-Syn, underthe control of the upstream activating 
neurons rebtive to cules infoced with AS3T virus sequence for the yeast transcription factor GALA, 
in the presence of B2, AK-1, or AGK2, which is directed to the fly brain via the elav-GAL4 pan- 
\were similar to control, untransduced levels (Fig. neuronal driver. Transgenic lies were fed DMSO 
4G). Thus, B2, AK-1, or AGK2 rescucd a- — orincreasing doses of AK-1 or AGK2 forthe first 
SynA53T- mediated dopaminergic cell death in 20 days of adult life. As expected, DMSO-fed flies 
this altemative model exhibited a marked loss of TH-positive neurons in 

To validate the protective eflects of AK-I and the dorsomedial cluster, the: 
AGK2 against a-Syn-mediated toxicity in vive, w a-Syn-induced toxicity (/ 


on that is sensitive 
18), By contrast, 
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Fig. 4. SIRT2 inhibitors rescue c-Syn-mediated toxicity and modify aggregation in models of PD. (A) 
‘AGK2 reduces «-Syn-mediated toxicity in a dose-dependent manner as measured via release of 
adenylate kinase into cell culture media (paired t test, n = 3, *P < 0.05). The inactive compound AGK7 
had no effect, and the less potent AK-1 is not dose-dependent. (B) AGK2 has no effect on Hsp70 or 
Hsp27 expression, whereas geldanamycin induces Hsp70 expression. V = empty vector. (C to F) a-Syn 
indusions remain unaltered in DMSO (C) and the inactive compound AGKZ (0) but decrease in number 
and increase in size after treatment with AGK2 (E) or AK-1 (F) for 24 hours. Scale bar, 20 um. (G) Primary 
midbrain cultures were transduced with c-SynAS3T encoding lentivirus (multiplicity of infection = 5) in the 
presence of vehicle (OMSO) or increasing concentrations of B2, AGK2, or AK-1. Control cells were 
uuntransduced but treated with DMSO. Dopaminergic cell death was evaluated with antibodies to 
'MAP2 and TH; viability is expressed as the percentage of MAP2-immunopositive cells that were also 
TH-immunopositive. Data are means + SEM, N > 3, "P< 0.01, one-way analysis of variance with 
Dunnett's multiple-comparison post hoc test (versus c-SynA53T alone). (H and 1) Administration of 
‘AK-1 (H) or AGK2 (0) rescues c-Syn-mediated toxicity of dorsomedial dopamine neurons in 20-day-old 
wild-type transgenic flies in a dose-dependent manner (*P < 0.01). Animals were fed 250, 500, or 
11000 itt AK-1 or AGK2 for 20 days. 
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transgenic flies fed increasing doses of ether AK-1 
or AGK2 hud a striking dose-dependent rescue of 
dorsomedial neurons (Fig. 4, H and 1). No change 
‘occured in steady-state levels of a-Syn afer ade 
ministration of the SIRT2 inhibitors (ig. SS). 

Rescue vit inclusion enlargement, and the 
concomitant reduction in total surface arca of 
inclusions, agrees with a cytoprotective role of ag- 
gregates (/9) and suggests a mechanistic ba 
for the effect of SIRT2 inhibition —that it re- 
duces aberrant interactions of aggregates with 
cellular proteins. Conceivably, coalescence of 
misfolded proteins into larger inclusions may low- 
er the concentration of toxic, submicroscopic 
‘oligomers, thereby leading to the rescue of protea- 
‘some dysfunction, Indeed, the formation of large 
Beamyloid aggregates is protective against proteo- 
toxicity in Caenorhabditis elegans (20). 

‘The exact mechanism whereby SIRT? inhi- 
bition affects «-Syn aggregation remains uncertain, 
Increased c-tubulin acetylation is associated with 
Iierotubule stabilization, and Syn bas been 
reported 1 interact with tubulin as well as the 
imicrotubuk-binding proteins MABPI and tau 


nulate aggregation of «- 
though its affinity 10 microtubules. Moreover, 
microtubule stabilization itself coud be an im 
portant ontributing to neuroprotection. 
‘A neuroprotective role for another microtubule 


deacetylase, HDAC6, was recently proposed, 
although the protective mechanism is unclear 
525. 

Our data are consistent withthe recent obser- 
Vation that a-Syn-dependent inhibition of his- 
tone acetylation is associated with increased 
neurotoxicity (4), Thus, SIRT? targeting may 
be therapeutically beneficial in other diseases 
Where aggregation of misfolded proteins is 
ental to discase pathogenesis 
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The Near Eastern Origin of 


Cat Domestication 


Carlos A. Driscoll *2* Marilyn Menotti-Raymond,? Alfred L. Roca,? Karsten Hupe,* 
Warren E. Johnson,” Eli Geffen,” Eric H. Harley,* Miguel Delibes,’ Dominique Pontier,” 
‘Andrew C. Kitchener,” Nobuyuki Yamaguchi,” Stephen }. O’Brien,”* David W. Macdonald** 


The world’s domestic cats carry patterns of sequence variation in their genome that reflect a history of 
domestication and breed development. A genetic assessment of 979 domestic cats and their wild 
progenitors—Felis silvestris silvestris (European wildcat, Fs. Iybica (Near Eastern wildcat), Fs. ormata 
(central Asian wildcat), F. s. cafra Gouthern African wildcat), and Fs. bieti (Chinese desert cat)— 
indicated that each wild group represents a distinctive subspecies of Felis silvestris. Further analysis 
revealed that cats were domesticated in the Near East, probably coincident with agricultural village 
development in the Fertile Crescent. Domestic cats derive from at least five founders from across this 
region, whose descendants were transported across the world by human assistance. 


he domestic cat may be the world’s most 
| ‘numerous pet, yet litte is certain of the 
cat's origin (/-9). Archaeological remains 

and anthropological chies suggest that, unlike 
species domesticated for agriculture (e.2., cow, 
pig, and sheep) oF transport (horse and donkey), 
the cat probably began its association with humans 
as a commensal, feeding on the rodent pests that 
infested the grain stores ofthe frst farmers (1), The 
earliest evidence of cat-human association involves 
their co-oceurrence in Cyprus deposits determined 
to be 9500 years old (6). Domestic cats are zen 
«rally considered to have descended from the Old 


Workd wildcats, but they differ fiom these hy- 
pothesized progenitors in behavior, tameness, and 
coat color diversity (9, 10). Further, domestic cats 
appear to lack neotenous characteristics typical of 
‘other domesticated species (17). 

Felis silvestris, from which domestic cats 
were derived, is classified as a polytypic wild 
species composed of three or more distinct in- 
terfertile subspecies: Fs. sifvesris in Europe, Fs 
Inbica in Affica and the Near East, Fs. ornata in 
the Middle East and central Asia (/, 2, 12-15), 
and possibly the Chinese desert cat, Fs. bieti 
(Fig. 1A, inset). The domestic eat is sometimes 


considered an additional subspecies, Fs, cats, 
possibly derived from wiklcats in the Middle 
East or Egypt (1, 12, 14, 15). The imprecise 
ssubspecitic status of F silvestris populations and 
of the relationship of the domestic cat. within 
this assemblage stems from morphological 
similarities among these groups (I, 13). A feral 
domestic cat with a “wild-type” mackerel tabby 
patter is dificult 10 distinguish visually from a 
Sane” wildcat (/5, 16), which is further 
confounded by ongoing admixture (16-19). 
Moreover, the relationship between F silvestris 
and the Chinese desert eat—which may be a 
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Fig, 1. (A) Curent range 
of F. silvestris and areas of 
sample collection. Colored 
regions reflect the location 
‘of capture of individuals car- 
tying different STR clade 
‘genotypes (defined at low- 
er eft. mtDNA haplotype 
frequencies are indicated 
in pie charts specifying the 
number of specimens car- 
tying mtDNA haplotypes 
for each clade. Central 
Asian denotes Asian cats 
cast of the Caspian Sea, 
Near Eastern denotes cats 
in Israel, Saudi Arabia, 
Bahrain, and the United 
‘Arab Emirates. European 
denotes specimens col- 
lected west of the Caspian 
Sea, Domestic cats Fs 
catus) ae distibuted world- 
wide and overwhelmingly 
carry clade IV mtONA hap- 
lotypes (beige). Inset: Cur- 
rent and historical range 
of F, silvestris. subspecies 
‘on the basis of traditional 
morphology-based taxon- 
omy (2, 12, 13). The Chi- 
nese desert cat is referred 
to throughout as a wildcat 
subspecies, F. silvestris 
bet (9, 12), as supported 
by data presented here. 
(B) Phenogram of 851 
domestic and wild spect 
mens created on the basis 
‘of STRS, Ops genetic d= 
tance, and. minimum evo- 
lution (neighbor-joining) 
algorithm, Color groups 
correspond to geographic 
locales spected in A. y= 
bols indicate cytonuclear- 
discordant individuals that 
contain a STR composite 
clade of the indicated 
cluster but carry mtDNA of 
an alternative locale (see 
text); in parentheses are 
the numbers of cats in each 
STR dade that cary various 
ImIDNA clade haplotypes. 
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separate Felis species, Felis bieti, or a wildcat 
subspecies, F silvestris bieti (9, 12)—is- une 
certain. The sind cat F margarita, a distinct 
species of Felis that ranges across North Africa 
and the Middle East, is the closest outgroup of 
the F silvestrisbieti complex on the basis of 
morphological and molecular data (/2, 13, 20). 
gate the relationships among do- 
cats, their indigenous wild progenitors, 
and related species of the genus Felis, we 
collected tissue from 979 individuals (fig. St: 
see table SI for breakdown of number of cats 
tested for different genetic markers) including 
Putative wildcats and feral domestic cats on three 
(N= 629), faney-breed domestic cats 
(N= 112), sand eats (F margarita, N= 11), and 
Chinese desert cats (Fs. bieti, N = S). We 
extracted DNA and genotyped 851 cats for 36 
shot tandem repeat (STR) or microsatellite domes- 
tic cat loci (22) variable in F silvestris, Fs. biet, 
F. margarita, and domestic eats, and sequenced 
2604 base pairs (bp) of mitochondrial DNA 
(mtDNA) genes NDS and NDS from 742 cats. 

Neighbor-joining phylogenetic analyses for 
STR genotypes with kinship coetfcient (DK/) 
and proportion of sharal alleles (Dps) genetic 
distance estimators provided concordant topol- 
‘ogies that specified six clusters (Fig. 1B; referred 
to here as “eludes” as also specified by mtDNA 
phylogenetic analyses: see below) corresponding 
to the following subspecies designations: (i) Fs 
silvestris, wikleats from Europe (STR clade 1, 
‘given in Fig. 1: Gi) Fs. ornata, wildeats from 
central Asia east of the Caspian Sea (STR clade 
1, purple: (ii) Fs. Ivbica, wikleats from the 
Near East (STR clade IV, beige): (iv) x. catia, 
wildeats fiom southem Africa (STR clade Il, 
bie): (¥) Fs. biett, Chinese desert cats (STR 
lade V, red): and (vi) FE margarita, sand cat 
(STR clade VI, black). Felis cafra was first 
named in 1822 and renamed as F Indica cara 
subspecies in 1944 on the basis of a description 
‘ofa wikleat specimen captured in “Kafiraria” (9), 
an area from whence our southem African 
wildcat samples deriv 

‘The composite STR genotypes of all known 
domestic house cats, fancy-breed cats, and feral 
domestic cats occurring in the wild populations 
all fell within a lange monophyletic group (clade 
IV) that also included wildeats from the Near 
East. The phylogenetic tree suggests that domes 
tication occurred in the Near East, where STR 
clade IV wiklcats live today. This inference was 
further explored by examining mtDNA variation, 
STR vatiation, and ongoing admixture hybrid- 
ization in the study areas (17-19), 

Phylogenetic analysis of NDS and ND6 
sequence reveals 243 parsimony-informative 
jing 176 distinct mtDNA genotypes 
(Fig. 2A, fig. S2, and table $2). The mtDNA 
haplotypes were analyzed with Bayesian Marko 
chain Monte Carlo (MCMC), maximum parsi- 
mony, maximum likelihood, and distance-based 
methods (22, 2), All methods resulted in 
identical topologies for the principal groupings 
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corresponding 1 both geographic origins and 
STR clade designations. The consensis mtDNA 
gene tree (Fig. 2A), rooted with F margarita, 
shows F's. bieti basal to F silvestris, as infeed 
from momhology. However, the short branch 
Jengths and relatively weak bootstrap support for 
the node separating Fs bieti ftom F silvestris 
27 to 68% bootstrap) indicates a close genetic 
relationship between these two taxa, which sup- 
ports the grouping of Fs. bieti and F. silvestris as 
a single species, F silvestris. 

The F silvestris mtDNA haplotypes fall into 
specific geographic locales (Fig. 2A). A basal 
lineage [clade I, Fs sivestrs (European wildcat), 
green} is found in European populations. fom 
Scotland and Portugal in the west to Hungary and 
‘Serbia in the cast and is sister to F silvestris from 
Asia and Atiica and to domestic cats. An catty 
‘basal European versus Arica Asia divergence sup- 
ported by recent morphological studies of fossil 
specimens of wildcats (/5, 24) may reflect a 
postglacial repopulation of Europe fom Iberian 
founders, as previously suggested (9, 15, 24), 
The basal postion of an Iberian wildeat, Fs-257, 
Within mtDNA clade 1 also supports an Iberian 
refugium (Fig. 24). 

Beyond Europe, miDNA clades I, Il, and 1V 
comespond with geography and STR analysis 
(Fig. 2A). Within mtDNA clade LV, we identified 
five principal lineages of mtDNA haplotypes (A 
10 E, Fig. 2A) with no obvious phylo-geographic 
association among these lineages. Domestication 
appears to have occurred within the Near Eastem 
region where clade IV wildcats are currently 
2A), because clade IV 
wikdcats and domestic cats are monophyletic, 

Because of hybridization between wiklcats 
and feral domestic cats, domestic cat mtDNA 
‘haplotypes (clade IV in Fig. 2A) are commonly 
found in European, African, and central Asian 
‘populations along with indigenous wildeat hap- 
lotypes (Fig. 1A), The observed genetic admix- 
ture may be explained by the presence of feral 
domestic cats or by hybridization between wild 
cats and domestic cats. Hybrid individuals car- 
rying one miDNA-clade genotype but a different 
STR-clade genotype can be identified. Such 
cytonucleardiscondant individuals were com- 
mon in our data set (Figs. 1B and 2A). Of cats 
sampled for both STR and mtDNA genotypes, 
seven of the 472 cats in STR clade IV were dis- 
ccondant, with a wikkcat mDNA type (Fig. 1B). 
However. among 108 putative European wikdcats 
(on the basis of STR genotype: Fig. IB), 28 carted 
the clade IV (domestic) mtDNA type, as did 3 of 
13 southem African (STR clade Il) wikdcats. The 
wildcats in central Asia (STR clade Il) included 
the highest frequency of discordant individuals 
(mtDNA clades Ill and IV: Fig. 1B), perhaps as a 
result of incomplete lincage sorting or recent gene 
flow between adjacent populations (Fig. 2A). 

We implemented the Bayesian population 
‘genetic analysis program STRUCTURE. which 
assesses population subdivision (25) and charac- 
terizes genomic evidence of recent hybridization 
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STRUCTURE analyses of the 851 STR geno- 
types placed cats into discrete population clusters 
comesponding to European, African, and central 
Asian wildcats and identified a subdivision of | 
domestic cats from different regions (Fig. 2B). 
Interestingly, we identified a discrete population 
of wild and domestic cats from the Near East 
(brown group in Fig. 2B) distinet from the other 
E silvestris subspecies, as well as three sub- 
groupings of domestic eats. These 15 individuals 
had conconlant mtDNA and STR phylogenies 
identical to those of domestic cats and were 
collected in remote deserts of Israel, United Araby 
Emirates, Bahrain, or Saudi Arabia, These data 
suggest that these Near Eastern wikdcats may 
represent the ancestral founder population of do~ 
‘mestic cats, supporting a domestication origin in 
the Near East. 

Identification of hybrids (STRUCTURE Q < 
0.8) revealed that some (-22%) of the identified 
eytonuclear-discordant cats in Figs. 1B and 2A 
showed evidence of recent hybridization, For 
this reason, we removed 81 hybrid eats defined 
by STRUCTURE and generated new phyloge- 
nies combining the STR: genotypes of « 
grouped within the distinct populations. (Fig. 
2C), This analysis reaffirms the recognition of | 
the major F_ silvestris subspecies groups 
illustrated in Fig. 1A and the distinctiveness of 
‘Near Eastern wikdcats as the closest group to all 
domestic cats. The results also suggest a close 
affinity between Fs, hieti (Chinese desert cat) 
and the Asian wikleats, plus paraphyly of other 
E silvestris subspecies with respect to F. s 
bieti, in support of the recognition of Fs. bieti 
asa subspecies of F silvestris (Fig, 2C). 

‘The evalescence-hased age of miDNA ances- 
tral nodes for domestic cats (clade TV) and all 
silvestris rDNA lineages. was estimated with 
the linearized tree method (26). After fulfilling 
the requirement for molecular clock rate homo- 
geneity across all lineages (table S4), we 
constructed « neighborjoining algorithm on the 
basis of the linearized tree with Kimura two- 
parameter distances. We adopted a sequence di- 
eteence rate specific for VDS and NDI genes of 

.24 bp per million years (27), This rate would 
Predict one new variant, on average (range: 010 
2), im the most recent 17,000-year period of | 
domestic cat ancestry (28). Indeed, 90% of the 
domestic cats within the five lineages (A to E 
Fig. 2A) share haplotypes that are 0 103 bp apart, 
reflecting modest mutation accumulation wit 
lineages. By contrast, the estimated coalescent 
date on the basis of the mtDNA data for all 
sibvestris (including Fs. bieti) subspecies. is 
230,000 years ago, whereas the estimated age 
forthe ancestor of Fs. frbica and domestic cats 
131,000 years. Other methods of date est 


ion 
suggested a range fiom 107,000 to 155,000 years 
(28). These estimates are all greater by an order 
of magnitude than the age implied by archaco- 
logical evidence for cat domestication (6). The 


penistence of five well-supported mtDNA Ii 
ages dating back 100,000 years before any 
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Fig. 2. (A) Phylogenetic tree of mito- A 
chondrial DNA sequence [minimum 
evolution (neighbor-joining) phylogram 
‘of 2604 bp of the NDS and ND6 genes) 
‘of 176 haplotypes discerned from 742 
‘ats sampled across the range of the 
domestic cat, European wildcat, Near 
Eastern wildcat, central Asian wildcat, 
‘southern African wildcat, Chinese desert 
at, and sand cat. Trees created from 
Bayesian, maximum likelihood, and 
maximum parsimony methods result in 
identical topologies for principal dade 
‘groupings. Confidence/bootstrap values 
(rom left to. right: Bayes/maximum 
pasimonymaximum  tkethood/ minimum 
evolution) are based on 1000 iterations 
‘and are adjacent to nodes, The number 
of single-nucleotde differences is indi- 
cated in red below the corresponding 
branch, Clade designations and numbers 
of individuals are indicated in parenthe- 
‘ses after the corresponding common 
name and taxonomic trinomial. A 
through E designate lineages within 
MIDNA clade IV, Confidence/bootstrap 
values for these nodes are as follows: 
A, 1.00/87/71/54; B, 1.00/82/80/80; 
C, 0.97/63/59/42; D, 1.00/98/99/88; 
E, 1.00/100/100/82. Purple and brown 
tree limbs within mONA clade IV reflect 
individuals from two locales that bear 
cytonuclear-discordant mtDNA versus 
STR genotypes (see text). Clade IV 
individuals bearing mtDNA haplotypes 
are found among domestic cats; in wild 
potential admixed populations in Eu- 
rope, Asia, or Africa (see Fig. 1A); and in 
Near Eastern wildcats (ee tex. (B) 
STRUCTURE: based populations resolved 
851 cats into several wildcat groups, 
three domestic cat groups, and one 
group (brown) that included both do- 
mestic cats and Near Eastern wildcats. 

The y axis represents Q-value, the 

percent representation of resolved pop- 

tations (clors) within each individual 

(listed on x axis). (C) Phylogenetic rela- 

tionships among F. silvestris groups as 

defined by composite STR genotypes 

based on 36 STR lod. Tree is rooted at 

sand cat. Bootstrap values at corre- 

sponding nodes are based on 1000 

‘iterations with the following measures 

(from left to right: Ops = 1 —(psVDKf = 

1 ~ (flO ps = Ini psVOKf = —Intf). All 

methods resulted in identical topolo- 

ies. Individuals were clustered into 

Tepresentative populations based on 
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Cat 
Fa. hybica: Fx omata; Fx catus 
(nm NA Clade IV; 580) 


Central Auian Wildcat 
Fs. omata 
(mtDNA Clad 


4) 


‘Southern African Wildcat 
Fs. cates 
(mtDNA Clade 1 


Domestic cats 


‘STRUCTURE Q-value of 0.80 or greater with the same loci (see text) All known domestic cats cluster into domestic-Asia, domestic Europe, or Near Eastern 
wildcats, regardless of provenance, and these groups also cluster together. 


archaeological recont of domestication would 
suggest that domestic cats originated from at least 
five matrilineal mtDNA haplotypes. 

‘The variation described here is important for 
the conservation and management of fee-anging 


wikcat populations (76, 29). In table S6 we 
[present a fll list of population-specific (private) 
STR alleles as well as mtDNA. population- 
specific site genotypes suitable for assessment of 
a wiklcat’s population, subspecies of origin, and 


distinction fiom domestic eats. The domestication 
‘of wild species to complement human civilization 
stands as one of the more success “biological 
experiments” ever undtaken, For cats, the process 
‘bezan more than 9000 years ago when the earliest 
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c Sand Cat 
margarita (10) 
(mtDNA VI, 10) 


European Wildcat 
Fs. silvestris (125) 


s0/Ma/61/44 
59/49/46/48 


99/44 /42/46 


fanvers of the Fertile Crescent domesticated! grains 
and cereals as well a livestock (1.3, 4, 30-32). n 
wildeats of the region may 
adapled by both regulating the regents in the 
grain stores and abandoning their aggressive 
\ild-born behaviors. The archaeological imprints 
Feft in the genomes of living eats here weigh into 
inferences about the timing. steps, and provenance 
‘of domestication —a dynamic exercise depicted in 
art in history, and in human cultural development 
since recorded evidence began, 
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Candidatus Chloracidobacterium 
thermophilum: An Aerobic 
Phototrophic Acidobacterium 


Donald A. Bryant,* Amaya M. Garcia Costas,” Julia A. Maresca, + Aline Gomez Maqueo Chew, 
Christian G. Klatt,” Mary M. Bateson,” Luke J. Tallon,’ Jessica Hostetler,’ William C, Nelson, 
John F. Heidelberg,” David M. Ward” 


Only five bacterial phyla with members capable of chlorophyll (ChU-based phototrophy are 
presently known. Metagenomic data from the phototrophic microbial mats of alkaline siliceous hot 
springs in Yellowstone National Park revealed the existence of a distinctive bacteriochlorophyll 
(BCh)-synthesizing, phototrophic bacterium. A highly enriched culture of this bacterium grew 
photoheterotrophically, synthesized BChls a and c under oxic conditions, and had chlorosomes and 
type 1 reaction centers. “Candidatus Chloracidobacterium thermophilum” is a BChl-producing 
member of the poorly characterized phylum Acidobacteria, 


powerful approach for predicting the 
physiological and metabolic potential of 
microbial ecosystems, Metazenomic analyses 


Sa environmental DNA is a 


have provided insights imo the properties of 
uncultured microorganisms that have escaped 
detection in field studies (J-6). We used meta- 
‘genomic data from the microbial mat comin 
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‘of Octopus and Mushroom Springs 
Jowstone National Park (Yellowstone NP) (5-7) 
to search for previously unrecognized BCH ChE 
synthesizing photottophs (chlorophototrophs). 
Only five bacterial phyla contain chloro 
phototrophs: Chunohacteria, Chlorobi, Proteo- 
hacteria, Chloroflexi, and Firmicutes (8, 9). tn 
hlorophototrophs, Hight energy is transduced 
into chemical potential energy by rwaction cen- 
ters, photo-oxidoreductases that form two fam 
ilies of BChUChH-containing, pigment-protcin 
‘complexes (10) Type | reaction centers include 
cyanobacterial Photosystem I and the homodi- 
meric reaction centers of Chiorabi and hetio- 
bacteria (Firmicutes). Type 2 reaction centers 
include cyanobacterial Photosystem I and the 
reaction centers of Prowobacieria and Choro 
esi. Atbough their subunits are not discemibly 
ilar in sequence, the two reaction-center types 
probably share a common evolutionary origin 
because their electron-transter domains have sin 
ilar structures and cofictor arrangements (/1). 
16S ribosomal RNA (FRNA) surveys of the 
Yellowstone NP phototrophic mat communities 
‘suggested the presence of green sulfur bacteria 
(12). Metagenomic data obtained from these 
mats (5-7, 9) were queried with the thlastn 
algorithm and the amino acid sequence of PSCA, 
the BCI a-binding apoprotcin of a homodi- 
meric, PS40-binding, type I reaction center from 
Chlorobiun tepidum (9, 13). Two incomplete 
sequences that encode (B)ChL-binding apopro- 
teins of type 1 reaction centers were recovered 
Phylogenetic analyses sugested that one se 
quence (OS GSB PscA) belonged to a green 
sulfur bacterium that grouped with PscA from 
Chloroherpeton thalassium (Fig, UA). The sec- 
‘ond sequence, labeled Cab, thermophilum Psc, 
was only very distantly related to other PscA 
sequences and other type 1 reaetion-center pro- 
teins (Fig. 1A and figs. SI to $3): this suggested 
the existence ofa previously unrecoxized chlo- 
rophototroph. in the mat community. Plasmids 
encoding this gene were recovered and se~ 
quenced (9), and the data revealed a probable 
‘operon, SipscaABeyinod (Fig. 1B). pseB encodes 
the apoprotein of an 8Fe-8S ferredoxin of a 
type | reaction center (13), and fnod encodes 
the BChI a-binding, Fenna-Matthews-Olson 
protein (Fig. 1B and figs. S4 and SS) (14), The 
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psc gene predicted a protein of 865 amino 
acids that was larger than the apoproteins of 
‘other type 1 reaction centers. Most of the size 
difference was caused by an insertion of ~165 
amino acids into a periplasmic loop between 
transmembrane a helices VII and VII (Fig. 1C 
and fig. SI). Many of the genes flanking the 
pscAB-fnod opcton predicted proteins that were 
‘most similar to those of Acidohucterium sp. 
Ellin345 or Solibacterusitanes Elin6076, 100 soil 
bacteria belonging to the poorly characterized 
phylum Acidobacteria. whose genomes. were 
recently sequenced. Thus, we hypothesized that 
the unknown phototroph might belong 10 the 
phylum AcidoPacteria, 

‘Analyses of metagenomic sequence data and 
cend-reads from a bacterial artificial chromosome 
(BAC) library predicted that the pseAB-finaA, 
rec, and RNA genes were encoxled on a singh 
BAC insert (9), We confirmed this prediction by 
sequencing the 271,846-base pair (bp) insert 
(fig. S6; GenBank accession number EFS313 


‘The 165 FRNA sequence derived from this BAC 
clone was identical to a partial sequence as- 
sembled from the metagenome and was nearly 
identical (differences at 2 of 1348 shared posi- 
tions) to that from an acidobacterium denoted 
GFPI [see 165 RNA tree in figure | of (5); oF 
s£e (/6)] (fig, S7). The 168 rRNA of GFP] was 
recovered from Green Finger Pool in the Lower 
Geyser Basin of Yellowstone NP, a site ~S km 
fiom Octopus Spring, These data uncquivocally 
cstablish that the divergent pscB-finod genes 
are derived from a GEPI-like organism belong- 
ing to the phylum Acidobacteria, 

‘To gain insights into the physiology and 
metabolism of this GFPI-like organism, we 
computerannotated and analyzed the binned 
sequence assemblies putatively derived from 
the GFPI-like acidobacterium (9), The binned 
sequences contained several genes. for BChl 
(bhG, behK,, beh, behU. beh, and aesP) and 
carotenoid (cr#B, criP, and crtff) biosynthesis 
(igs. S6 to S10), A esi gene, the proxtuct of 


A Cyanobacteria 


Chloracidobacterium; Cb., 
Chlorobaculum; Chl., Chloro- 
bium; Chp., Chloroherpeton; 


Hbc., Heliobacilus; Hbt., Heiobacterium; OS GSB, green 
Spring; 


sulfur bacterium from microbial mat at Octopus 


Heliobacteria 
‘Hoe. mobilis PshA 


‘Ch, thalassium Pech 
(0S GSB PscA 


Pld, Pelodictyon; Pt., Prosthecochloris; T., Trichadesmium; _Periplasm 

Ths, Thermosynechococcus. Nodes marked with 2 "*” have 100% bootstrap suppor; the node separating 
the PsaA and PsaB clades is marked with 2 “o” and has 70% bootstrap support. (B) Organization of the 
(psCA, pscB, and fmaA genes in Cab. thermophitum. (©) Diagram showing the organization of the 11 
Predicted transmembrane «i helices of Cab. thermophilum PscA. “Fy” denotes the positions of two cysteine 
residues that are predicted to be ligands to the intersubunit [4Fe-45] duster Fx, and "P” indicates the 
approximate position of the conserved histidine residue predicted to form a ligand to one of the two 
predicted BChl a molecules of the reaction-center special pair. Green Roman numerals | to VI indicate the 
antenna domain, and blue Roman numerals Vil to XI indicate the electron-transfer domain. 
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\which forms the baseplate of chlorsomes, the 
light-harvesting antenna complexes in Chlorobt 
and Chloroflei (17), was also found. The 
presence of genes encoding subunits of a nico- 
tinamide adenine dinucleotide, reduced (NADH): 
‘quinone oxidoreductase, the quinokeytochrome € 
‘oxidoreductase, and cytochrome oxidase implied 
that the acidobacterium might respire aerobical- 
ly. The data collectively predicted that the mat 
acidobacterium is probably an acrobic photo- 
heterotroph that synthesizes BChl a, methylated 
Chl c, chlorosomes, FmioA, and type | reaction 
centers, The organism seemed physiologically 
most similar to aerobic anoxygenic phototrophs 
‘or 10 facultatively photoautoshetero}rophic onsa- 
nisms like Raseiflexus anal Chloroflexus spp. (8) 

Allewalt er al. (18) described the estab- 
lishment of uni-cyanobscterial enrichments for 
thermophilic Simechococcus spp. from Octopus 
Spring (Fig. 2A), The presence of a closely re- 
Fated acidobacterium in an oxie enrichment was 
indicated by specific polymerase chain reaction 
(PCR) amplification of genes for acidobacterial 
psc, fnad, cx, aesF, behU, reed, and 16S 
SI), By serially culturing this 
ichment culture in a modified cyanobacterial 
growth medium containing ammonia 
ture of carbon sources, and the Photosystem Il 
inhibitor azine (9), we eliminated Sinechocoe- 
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Fig. 2. (A) Cultures contai 


‘cus sp. strain JA-2-3B'a (2-13). The resulting 
brownish-orange culture contained only the 
acidobacterium and Anoxyhacills sp. (Fig. 2A). 
The later could be isolated on Luria-Bertani plates, 
did not synthesize BChl (Fig. 2A), and did not 
possess any genes for BChI biosynthesis or for- 
mation of a light-harvesting apparatus. The 
absorption spectrum of the enrichment culture 
shows a maximum at 743 to 745 nm that is char 
acteristic of BChI ¢ aggregates in chlorasomes 
(Fig 2B), Using a method for the isolation of 
chlorosomes from green sulfur bacteria (9), we 
isolated chlorusomes that were morphologically 

milar to those of C sepidham (17) (Fig. 3). Serial 
cculuring of the Anaxyéucillus sp.-acidobacterium 
enrichment in the dark resulied in the sirmulta- 
neous loss of the 746-nm absorbance (Fig. 2B) 
and acidobocterial 165 RNA (Fiz. 2C), This 
experiment definitively establishes that the acide 
cobscterium grows photohieterotrophically. The 
enrichment didnot grow with bicarbonate as 
the sole carbon source, 

High-performance liquid. chromatography 
(PLC) analyses of pigments extracted from 
cells fiom the Anaxy acillus sp.-acidobacterium 
ment verified the presence of both BChI ¢ 
and BChI a (Fig. 4), The complex pattem of 
BChi c homologs, appearing in groupings of four 
(fig. S13), was consistent with methylation of 


Sup 


1g (2) Synechococcus sp. strain JA-2-3B'a (2-13), Cab. Thermophilum, and 


Anoxybacillus sp.; (2) Cab. thermophilum and Anoxybacilus sp.; and (3) Anoxybacillus sp. (B) 
‘Absorption spectra of an enrichment culture containing Cab. thermophilum and Anoxybacillus sp. after 
serial culturing three times in the light (Ls) or in the dark (Ds). The 745-nm absorption due to 
‘aggregated BChl c is only observed in the light-grown cells. Note the change from 746 to 745 nm to 
match the number in the Figure. (C) PCR amplification with the use of primers (9) (table S1) specific for 
Cab. thermophilum (top) and Anoxybacilus sp. (bottom) and DNA templates isolated from an initial 
light-grown inoculum (), and serial cultures 1 and 2 grown for two periods of 5 days exclusively in the 


t (Ly, 1) or in the dark (D,, D,). Escherichia coli DNA was tested as a negative control with both 


primer sets. For additional details, see (9). (D) Light micrograph of a S-day-old enrichment culture 
containing Cab. thermophilum and Anoxybacillus 3. grown in the fight. (E) Fluorescence micrograph of 
the field of cells in (D). Cells were treated with I-hexanol to disrupt the BChl c aggregates and to 


‘enhance BCht c fluorescence (9). 
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both the C-8 and C-12! carbons, as oceurs in 
. tepidum and other Chlorobi strains (19). The 
lution profile also indicated that BChl © was 
serif by several alcohol species. Only truce 
amounts of famesylated BChl © were detected, 
and the major BChI c homologs were more 
hydrophobic than famesylated BChI c, the es 
tcrifying alcohol mast commonly found in green 
‘sulfur bacteria (Fig. 4), The major BChI ¢ homo 

logs were slightly more hydrophobic than the 
BChI € homologs produced by Chloroflexus 
‘aurantiacus ¥-400-11 (Fig. 4), However, Chlor~ 
lexus spp. do not methylate BCHI ¢ at the C8? 
‘or C-12" positions, and their BChI ¢ is typically 
esterified with multiple alcohols including phy- 
tol, geranylgeraniol, and stearol (8, 19) 

165 FRNA analyses, including the present 
study, indicate that the acidobseterial chloro- 
pPhototroph grows: at temperatures from ~S0° 10 
{66°C at Mushroom Spring, Octopus Spring, and 
Gcen Finger Pool (15, 20). 168 RNA. se- 
quences closely related 10 that of this. acido- 
thacterium have also been recovered from 
Mammoth Hot Springs in Yellowstone NP and 
fiom hot springs in Tibet and Thailand (27, 22), 
Therefore, acidobacterial chlorophototrophs may 
‘be members of microbial mat communities aso- 
ciated with thermal features worldwide, Because 
strains of Acidobacteria are also widely disti- 
‘iad in soils and other environments (7, 23), i 
‘will be interesting to determine whether photo- 
twophy is widespread in this poorly characterized 
phylum, Analyses of the genomes of two acido- 
Iactora, S;usizams Elkin607%6 and Acidobacteria 
sp. Ellin345, demonstrate that these onganisms 
«do not have this capability (24), 

In this study we applicd metagenomics 10 
dliscovera previously unknown chlomphototroph, 
and we used enrichment techniques and bio- 
<themical methoas to verify that this onganism is a 
thacillus (Fig. 2, D and E) that synthesizes: BChis 


Fig. 3. Transmission electron micrograph of 
isolated chlorosomes from an enrichment culture 
containing Cab, thermophilum and Anoxybacilus 
sp. after negative staining with 1% (wiv) uranyl 
acetate. 
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Fig. 4. HPLC elution profiles monitored at 667 1m for BChi ¢ (A) and 770 nm for BChl a (C) for 
pigments extracted from a tight-grown culture containing Cab. thermophilum and Anoxybacillus sp. 
{red line); Clorobiam tepidum (green ie); and Clrolews aurantious strain ¥400-N tue tine). 
The spectra of the BChl c peaks indicated by stars in (A) are shown in (B); the spectra of the BChl a 
peaks eluting at 37 min in (C) are shown in (D). All other peaks in (A) also had the absorption spectrum 
of BChI c. 


and © and produces chlorosomes under oxic 


‘conditions, Although chlorosomes are also found 
in some Chloroflexi, the new chlorophototroph 
is the only described onzanism outside the 
phylum Chlorobi that produces Frio. Growth 
‘oF this acidobacterium is strongly stimulated by 
Tight under photobeterotrophic conditions, but 
additional studies will be required to establish 
‘whether the onganism is capable of autotrophic 
growth, Because no chlorophototraph with these 
yet been described. we propose 
‘undidatus Chloracidobacterium 
themophilum,” gen. nov, sp. m0, fo this BChl- 
synthesizing, phototmphic member of the phy- 
um Acidobacteria 
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Noise in Gene Expression Determines 
Cell Fate in Bacillus subtilis 


Hédia Maamar,t Arjun Raj,*t David Dubnaug 


Random cell-to-cell variations in gene expression within an isogenic population can lead to transitions 
between alternative states of gene expression. Little is known about how these variations (noise) in 
natural systems affect such transitions. In Bacillus subtilis, noise in Comk, the protein that regulates 
‘competence for DNA uptake, is thought to cause cells to transition to the competent state in which 
‘genes encoding DNA uptake proteins are expressed. We demonstrate that noise in comK expression 
selects cells for competence and that experimental reduction of this noise decreases the number of 
‘competent cells. We also show that transitions are limited temporally by a reduction in com 
transcription. These results illustrate how such stochastic transitions are regulated in a natural system 
and suggest that noise characteristics are subject to evolutionary forces. 
V= in gene expression within a sity of phenotypes, potentially enhancing fitness 
population of genetically identical cells, 2). When the underlying gene network con- 
enables those cells to maintain a diver- tains regulatory positive fexdback loops, indi- 
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vidual cells can exist in different states: some 
cells may, for example, live in the “oft” expres- 
sion state of a particular gene, whereas others 
are in the “on” expression state (this is an ex- 
ample of bistable gene expression). These 
stochastic Muctuations in gene expression, 
commonly referred to as noise, have been 
proposed to cause transitions between these 
states (3-7). We apply recently developed 
theories of noise (8, 9) to examine how noise 
influences these transitions in a natural system. 

An example of bistable expression with asso- 
ciated stochastic transitions (/0-16) involves the 
ability of the soil bacterium Bacillus subtilis to 
develop “competence” for DNA uptake as it 
centers stationary growth phase, potentially al- 
lowing bacteria to increase their fimess by 
incorporating new genetic material. The genes 
needed for competence are transcribed ony in 
the presence of ComK, the master regulator of 
‘competence, comA’ expression is subject to 
positive autoregulation effected by the eooperat- 
tive binding of ComK to its own promoter (Fig 
1A) (17-19), resulting in bistability (5). In one 
state, the positive autoregulatory loop isnot 
activated and com’ expression is Yow, and in 
the other state, the loop is activated because the 
level of ComK has exceeded a critical threshold 
and comK expression is high (3, 14). 

‘The capacity for bistability is subject to 
temporal regulation, While the cells are growing 
‘exponentially, the level of ComK is kept low (i) 
through the action of the MecA-CipC-CIpP 
protease complex, which actively degrades the 
‘Com protein, 


tions to the competent state, Upon reach- 
ing stationary phase, the accumulation of an 
extracellular peptide causes an increase in the 
expression of the ComS pro (the time 
‘ofthe onset of stationary phase is denoted as To) 
(Fig. 1B), ComS competes with ComK for bind 
ing to the MecA-CipC-CIpP complex (21), ef 
foctively lowering the rate of ComK degradation 
and allowing random fluctuations in the level of 
‘ComK 10 occasionally cause transitions t0 the 
‘competent state, Cells continue to randomly tran- 
sition to competence for 2 hours, by which time 
(73) transitions have ceased to occur (6) and the 
15% of the cells that have become competent 
remain so until diluted into fresh growth medium 
(Fig. 1C and movie S1). In this report, we ask 
why cells only transition to competence for a 
limited duration of time and investigate the 
source of the fluctuations that actuate the Com 
feedback loop in a minority of cells. 
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‘To understand why cells only transition tothe 
competent state for ~2 hours during sationary 
phase, we examined the dynamics of comK 
expression in noncompetent cells. Because the 
level of ComK in noncompetent cells is very 
low, we used fluorescence in situ hybridization 
(FISH) to count individual comK mRNA mole 
cules in single cells (22-24). We achieved this 
level of sensitivity by using six fluorescently 
labelod single-stranded DNA. probes, comple- 
mentary to different regions of the com mRNA 
(Fig. 2A, left). The hybridization of many 
fluorophores 1 individual mRNA molecules 
resulted in spots that are visible through a fluo 
rescence microscope (Fig. 2. B and ©), 

During late exponential and carly stationary 
phase in the wikktype (WT) strain, the mean 
number of comk mRNA molecules increased 
from 0.7 10 | molecules per cell at To, at which 
point transitions to competence begin 10 occur, 
Thereafter, the average number of comK tran- 
scripts per noncompetent cell declined 10 03 
molecules por cell at 7; (Fig. 2, D and 

‘We postulated that in early stationary phase, 
When the average mRNA level is elevated, the 
probability of transition is high because of the 
increased likelihood of randomly generating 
‘enough ComK to activate the positive feedback 
Joop. Later in stationary phase, when the average 
is low, the probability of such an accumulation is 
much smaller. To test this possibility, we counted 
the number of com mRNA molecules ina stra 
that cannot synthesize Rok, the transcriptional re- 
_presor of com. Inactivation of rok does not change 
the temporal pattem of competence expression 
‘but markedly inereases the faction of competent 


A 


‘Time ours) 
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calls (/4), The average number of comk mRNA 
‘molecules per noncompetent cell in this strain was 
‘wiceas argeas that in the WT stain at Zo (Fig. 2D), 
in accordance with the larger number of compe- 
tent cells observed in the rok strain (14, 25) 

It is possible that the increased rate of tran- 
sition to competence observed at To is not caused 
by the increased basal rate of comK transcription 
but is rather the cause of the increased tran- 
scription rate, bocause of positive feedback at the 
‘comK promoter. This possibility was eliminated 
bby measuring the comK promoter activity in a 
strain lacking a finctional comK gene but instead 
having the comK promoter drive a sequence 
consisting of a $0-base pair (bp) motif repeated 
32 times (comK-42), The conresponding MRNA 
‘was detected with a single-stranded DNA probe 
complementary 10 the 30-bp sequence (Fig. 2A, 
right). We found thatthe number ofthese mRNAS 
ina strain lacking an active comK’ gene was simn- 
ilar to that in the WT strain (Fig. 2E), indicating 
that positive eodhack does not playa role in com 
expression in noncompetent cells, To further veri 
fy that the comK=-M12 construct had similar ex- 
presion propertics to those of the endogenous 
¢ mRNA, we integrated the construct in the 
WT strain and simultaneously measured the abun- 
dance of transcripts fiom both the endogenous comk’ 
gene and the comK-M2 gene, using differently 
colored fluorophores to label the two mRNAs. 
‘The mean and variance ofthe numbers of the Wo 
transcripts were almost identical (fig. $1). 

‘To verify that the observed decrease in comK 
transcripts during stationary phase could account 
for a decrease in the rate of transition to compe- 


tence, we constructed a simple stochastic model of | 


‘Time (rours) 


Fig. 1. The regulation of competence in 8. subtilis. (A) The comk regulatory network. Arrows and 
Perpendiculars represent positive and negative regulation, respectively. For simplicity, factors 
shown in gray were not considered in our modeling. (B) The kinetics of growth in competence 
‘medium [in absorbance units (AU) measured in a Klett colorimeter]. (C) Competence development, 
determined microscopically with strains carrying a comk-cfp* fusion. The dashed lines in (B) and 


(© represent To. 
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the comk positive feedback loop containing the 
lint features ofthe competence network, mast n0- 
tnbly the posit 
‘online material (SOM) The model confined the 
plausibility of our conclusion that a relatively small 
decrease in comK transcription can effctvely end 
transitions to the competent state (i 
Together, these data suggest that temporal 
regulation of transcription controls the fraquency 
of transitions to the competent state and thatthe 
decline in transcription of cork during stationary 
phase effectively defines a “winklow of opportuni 
ty," which explains why oells ane only able to tra 
on to competence fora limite! ameunt of time 
Because the cells are genetically identical 
and grown in a well-stined medium, the deter 
mination of which ells are selected for eon 
petence is likely due to random cell-to-cell 


noise in comK’ plays in selecting cells for com- 
petence. Cell-to-cell variations in the numbers 
‘of com mRNAS can come from two sources 
(26, 27¢ (i) intrinsically random events of tran- 
scription and mRNA decay (intrinsic noise) and 
(ii) cell-to-cell variations. in regulators, poly- 
merases, and other global factors (extrinsic 
noise), To the relative contributions of 
these two types of noise to the Muctuations Iead- 
ing to competence, we used an approach derived 
from Elowitz etal. (26): counting the numbers of 
both endogenous comk’ mRNA and comK-M2 
mRNA in individual cells (Fig. 3, B and C). 
Because any extrinsic variations should affect 
both genes simultancously, correlated variations 
between the mRNA numbers indicate that the 
Variations are primarily extrinsic, whereas uncor 
related variations indicate an intrinsically stochas- 


molecules from the two species we 
uncorrelated (correlation coeflicient r= 0.15 at 
3, D and E). This finding indicates that 
intrinsically random fluctuations in comK mRNA 
production and degradation are likely to be 
signifi of variations in ComK. protein, 
Icading to the initiation of competence (23), 

To test the hypothesis that intrinsic noise is 
responsible for transitions to the competent state, 
wwe changed the noise in ComK. protein produc- 
tion by and tr 
tional efficiency of comK. Recent studies have 
shown that intrinsic variations in protein expres- 
sion are inversely related to the rate of transcrip- 
tion but are unaffected by the rate of translation 
(8, 9 (see SOM). Thus, increasing the rate of 
transcription of a gene while reducing the rate of 
translation by an equivalent amount would 


largely 


the transcription: she 


varia ns involved in competence tic for the fhictuations in mRNA numbers 
(Fig. 3), In carly stationary phase when most of 
the transitions occur, the numbers of mRNA 


reg 
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Pteeert 
comk mRNA TF 7 7 —F 7 
Time (hour) Time (hours) 
B > ‘Bg Fig. 2. Detection of single RNA molecules (comK and comK-M2) by FISH, (A) 
- Schematic diagram depicting the endogenous comk (let), comk-cfp* (middle), 
1 a and comK-ML2 (right) reporters, all controlled by the comX promoter (Pcomt). 


5 ‘Multiple specific fluorescent probes bind to each mRNA molecule {comk (green) 
‘or comK-At2 (red), yielding distinct luorescent signals. The comK-cp* construct 
identifies competent cells. comX-<fp* designates an in-frame fusion of CFP to 
comK, and M2 designates the RNA with 32 repeat sequences. (B) Differential 
BE interference contrast (DIC) images and (C) pseudo-colored fluorescence images 
taken at Jo forthe WT strain, in which the comK mRNA was hybridized to six FISH 
probes [Cé6-tetramethy/l rhodamine (C6-TMR)) that bind to the comK open reading frame. Dots correspond to individual mRNA molecules. Scale bars, 4m. (D 
and E) Kinetics of the population means of mRNA molecules per noncompetent cell before and after To for the WT (blue circles, BD4379), the rok (red circles, 
{84380), and the comk (purple circles, BD4382) strains. The WT and the rok strains (D) were hybridized to C6-TMR to detect com mRNA molecules. The comk 
strain (E) was hybridized to a probe (PAN2-Alexa 594) that binds to the M2 probe-binding sequence. Error bars were obtained by bootstrapping, 


To E%; 


A Extrinsic Intrinsic D 


3. Noise in comk transcription is mainly intrinsic. (A) Intrinsic and 
extrinsic noise were measured by detecting the mRNA from two 
coexpressed genes (comk and comK-M2) controlled by the comK 
promoter (26). Uncorrelated gene expression in individual cells is 
indicative of intrinsic noise. (B) DIC images and (C) pseudo-colored 
merged fluorescence images taken at To showing hybridization to 
‘comK-M2 (red) and comK (green) mRNA with the PM2-Alexa 594 and C6-TMR probes, respectively. Scale bars, 4 ym. (D) Distribution of comK and 
‘comK-M2 mRNA molecules for the WT strain (BD4379) at To, showing weak correlations between production of the two mRNA molecules (r = 0.15). (E) 
Correlation coefficients throughout growth for the same strain. Error bars indicate SE. 
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Fig. 4. Noise reduction in comK expression lowers the percentage of competent cells. The leftmost 
column depicts comk mRNA distributions predicted by the model for the WT (A), rok (B), and low- 
noise (C) strains at Tq. The middle column shows ComK protein distributions at Tp assuming a high 
rate of translation in the WT and rok strains ((A) and (B)] and a lowered rate of translation in the 
low-noise strain (C) The vertical red lines show the predicted threshold beyond which the positive 
autoregulatory loop of comK would be activated, resulting in competence [the threshold in the rok 
strain changes because of increased gene expression (see SOM). The rightmost column shows CFP. 
fluorescence images from the three strains, taken at Tz and overlaid on DIC images. All three 
strains expressed the comK-cfp* fusion, thus fluorescing when competent. The lowest panel in the 
column shows a microscopic field for the low-noise strain selected to show one competent cell, 
although the frequency of such cells was less than 1%. Scale bars, 4 um. 


‘competent state, because lange fhictuations trig- 
ting activation of the positive feedback Loopy 
‘would become less likely (29). 

‘To test this prediction, we used the rok strain, 
which 
mRNA transcription over the WT strain at Ty 
(Fig. 4, panels in leftmost column) (25, 30), thus 
decreasing the noise in ComK protein levels. To 
adjust the mean Com. protein level in the rok 
strain to approximate that of the WT strain, we 
changed the ATG initiation codon of eomf to 
thereby reducing its translational efficiency 
(9), We vetified that the mean Com levels inthe 
Jow-noise and WT strains were similar by quan= 
ing the amount of basal ComK-eyan fuores- 
cent protein (CEP) fluorescence in bulk culture at 
Tos and Ty. Despite the slightly higher mean 
uorescence in the low-noise strain, the number 
of its competent cells at 7 was dramatically lower 
than that in the WT strain, with fewer than 1% of 
cells being competent as compared with 15% in 
the WT strain Fig. 4, panels in rightmost column, 
These experiments show that intrinsic noise in 
ccomk expression is responsible forthe transitions 
tocompetence and that reducing noise can substan- 
tially ater the rate at which those transitions occur. 

‘This wesult sugzests thatthe noise characteristics 
‘of particular genes may be subject to evolutionary 
pressures. Indeed, the fact that the eamK’ gene is 
‘weakly transcribed (/2) while having a “strong” 


Shine-Dalgarno sequence (GGAGG-7 bp-ATG) 
is suggestive. For a desired final percentage of 
‘competent cells, there must be a set fraction of 
cells with the level of ComK above a particular 
thresokl. achievable citer by having abasal ComK, 
distribution with alow mean and a lange variance 
‘or by having a highermean with a lower variance. 
Because of the metabolic cost of maintaining a 
larger mean number of proteins itis plausible that 
cells would opt for the former option rather than 
the latter, as appears to be the case for cok: 

The temporal regulation of comA transcrip- 
tion during stationary phase defines when tran- 
sitions to the competent stale may occur (the 
window of opportunity), and intrinsic noise in 
‘com. expression defines the rate at which cells 
become competent. Our results imply that noise 
[properties are subject to evolutionary forces and 
suggest how cells might alter those rates to in- 
crease fitness. Because noise has been implicated 
ina variety of cellular behaviors, such knowledge 
can help both in the understanding of natural 
regulatory networks (7. 3/) and in the synthesis 
of atficial networks (4, 32) 
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Rapid Synthesis and Synaptic 
Insertion of GluR2 for mGluR-LTD in 


the Ventral Tegmental Area 


‘Manuel Mameli,? Bénédicte Balland,* Rafael Lujan,? Christian Liischer™?* 


The activation of metabotropic glutamate receptors (mGluRs) leads to long-term depression (mGluR- 
LTD) at many synapses of the brain, The induction of mGluR-LTD is well characterized, whereas the 
mechanisms underlying its expression remain largely elusive. mGluR-LTD in the ventral tegmental area 
(VIA) efficiently reverses cocaine-induced strengthening of excitatory inputs onto dopamine neurons, 
‘We show that mGluR-LTD is expressed by an exchange of GluR2-lacking AMPA receptors for GluR2- 
containing receptors with a lower single-channel conductance. The synaptic insertion of GluR2 depends 
‘on de novo protein synthesis via rapid messenger RNA translation of GluR2. Regulated synthesis of 
GluR2 in the VIA is therefore required to reverse cocaine-induced synaptic plasticity. 


mnaptic induction of mGliR- 
several 


in the VTA, 
[= require: 


Lvs67a8s 


Fig. 1. Characterization of mGluR-LID at excitatory 
‘synapses onto DA neurons of the VTA. (A) DHPG ap- 
plication 20 Mt, 5 min) induced a LTD in ices obtained 
from mice injected witha single dose of cocaine (15 mg 
kg’ intraperitoneally 24 hours before sacrifice). mGluR- 
LTD was absent in sices obtained from satine-injected 
mice. The mGluR1 antagonist LY367385 (LY) blocked °. 
‘mGIUR-LTD when applied during induction (20 jt) but 

was without effect on established mGluR-TD. Norm. 

EPSC, normalized EPSC values (mean + SEM). (Inset) 

Gray bars, DHPG; black bars, LY. (B) Overlay of averaged traces of AMPAR-EPSCS 
recorded at ~70, 0, and +40 mv before (black line) and after (gray line) DHPG 
application with corresponding FV plots from representative cells in (A) at time 
points and b. Scale bars indicate 5 ms (horizontal axis) and 50 pA (vertical axis) 
(© Examples of postembedding immunoreactivity for tyrosine hydroxylase (TH) 
(double arrowheads), GluR2, and PSD9S. Immunoparticles for GluR2 were found 


bath application of the selective mGIAR group 1 
agonist 34-dihydroxyphenylelye 
Which oceludes the mGluR-LTD induced by syn- 
atic activity (2), mGWR-LTD may therefore be 


mediated by mGluR or mGIuRS, which in other 
pans of the brain induce LTD through hetero- 
trimeric GTP-binding proteins (G proteins) ofthe 
Pertussis toxin- insensitive Gi family (3) 

We examined the expression of mGluR-LTD 
‘at excitatory synapses onto dopamine (DA) 
neurons of the VTA by monitoring excitatory 
[postsynaptic currents (EPSCs) magiated by a- 
amino-3-hydroxy--methylisoxazole-4-propion 
acid receptors (AMPAR) (fig. S1) and evoked 
by extracellular stimulation (4). Cocaine and 
‘other addictive drugs fundamentally change the 
efficacy (5-7) and the quality (/) of transmission 


“Department of Basic Neuroscience, Medical. Faculty, 
Univesity of Geneva, CH-1211 Geneva, Switzerland. 

Gencias Médicas, Facultad de Medicina 
Centio Regional de Investigaciones Biomedics, Universi: 
dad de Castila-La Mancha, 02006 Albacete, Span, "Clinic 
of Neurology, Department of Clinical Neuroscience, 
Geneva University Hospital, CH-1211 Geneva, Sviteland. 
"To whom correspondence should be addressed. Email 
Chistian Lusdher@medecine.unige.ch 


(DHPG), 


°. °. 


100 ot 0 100 


stance (om) 


beneath (arrowheads) or within the postsynaptic densities (arrows) of 
asymmetrical synapses established by dendritic shafts (Den) of TH-positive 
neurons and axon terminals (b). As a control, PSD95 (arrows) always appeared in 
the postsynaptic densities, Scale bars, 0.5 yim. (D) Histograms compiling distances, 
‘of GuR2 and PSD95 from the smapse (1 particles in 60 identified synapses 
‘analyzed blindly from three hemislces of three mice for each condition). 
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at this synapse. Twenty-four hours after a single 
injection of cocaine, the AMPA/N-methyl-p- 
aspartate (NMDA) ratio of evoked EPSCs 
(CEPSC) is incensed, and the AMPA-EPSCs be 
‘come rectifying. This suggests that new AMPARS 
are inserted into the synapse, of which a 
substantial fraction is devoid of the subunit 
‘GluR2. mGWR-LTD can reverse cocaine-induced 
synaptic plasticity () but the mechanisms under- 
I 


ng this process remain unclear. 


To identify the mechanisms underlying 
mGluR-LTD in the VTA, we applied DHPG and 
reconted EPSCs in DA neurons. DHPG induced 
LTD in slices obtained from cocaine-injected 
mice but not in slices obtained trom mice that 
‘were injected with saline (Fig. 1A) [46.9 » 4.1% 
(ancan + SEM) compared with 3.76.» 1.4% 1 
1 cells, P0401. This effect was blocked by the 
IRI antagonist LY367385 (Fig. 1A, solid 
) GL» 2.7% m= 7) but only when 
applied during the induction protocol; the same 
‘drug was inefcetive when applied alter mGluR- 
LTD was established (Fig. 1A, open circles) 
(-1) relationship of the EPSC 
in slices from cocaine-treated mi 
and became linear after the induction of mGluR- 
LTD (J), In contrast, -V curves ploted in slices 
from saline-treated mice were linear and did not 
change with DHPG treatment (Fig. 1B). Thus, 
activation of mGluR reverses cocaine-induced 
Potentiation and Keads to a reduction in the 
contribution of GluR2-Licking AMPARS to the 
EPSC, as expected (Hig. SI) (). 

‘The redistribution of GluR2 was confirmed 
\with postembedding immunogold labeting at the 
electron microscopy (EM) level. In slices from 
saline-treated mice, the majority of GluR2 label- 
ing was observed at the synapse, along with a 
cytoplasmic pool associated with intra 
cellular membrane compartments. In slices from 
cocaine-exposed mice, the number of cyto- 
plasmic GluR2 particles increased atthe expense 
‘of synaptic labeling. Furthermore, DHPG treat- 


ment of slices from cocaine-exposed mive led 10 


the reappearance of a predominantly synaptic 
pool, AS a control, labeling of postsynaptic 
density (PSD9S) was observed at synaptic 
locations in all three conditions (Fig. 1. © and 
1D). Taken together, the electrophysiological and 
the EM observations demonstrate that, after 
socaine exposure, GluR2 is redistributed toward 
intracellular compartments and thatthe induction 
‘of mGIuR-LTD may restore basal conditions. 
‘These results raise the possibility that LTD is 
expressed by the replacement of GhuR2-lacking 
AMPARs with GluR2-containing AMPARs, 
ingle-channel conductance 
applied nonstationary fluctuation 
(NSFA) to cEPSC and found that 7 was 
nificantly higher in slices from cocaine-treated 
mice compared with those from saline-treated 
controls (Fig. 2, A and B, and fig. S2). In slices 
from cocaine-treated mice, DHPG led to a 
significant relative decrease of y (Fig. 2, C and 
D) 42.6 + 6.9% versus 5 = 10% in saline con- 


trols, 1 from 6 to 8, P< 001), yickling values 
similar to y measured in saline controls where 
mGHuR-LTD was absent fig. S2), Importantly, the 
average number of receptors open atthe peak (N) 
remained constant during mGluR-LTD (relative 
change for cocaine 4.4 = 9.2%, for saline 1.2 
4.8% n fiom 6 to 8), Thus, mGluR-LTD in the 
VTA iscaused by a replacement of GluR2-lacking 
AMPARS with GhiR2-containing AMPARS so 
that th: total number of AMPARS remains constant 
Such an exchange could occur through lateral 
redistribution with an extrasynaptic pool or may 
involve the intemalization of receptors. In the 
latter ease, interfering with the endocytotic ma- 
chinery should block mGluR-LTD. We therefore 
loaded the ells with a dominant negative peptide 
composed of 1S amino acids (DIS) (/1) that 
mimics the interaction site of dynamin with 
amphiphysin, two essential components for the 
intemalization of clathrin-coated vesicle. DIS 


A Cocaine 
2505. sane meaaro 
° ° 
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* om Vrms 
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cfticiently blocked the expression of mGluR- 
LTD without affecting baseline transmission in 
control conditions (Fig. 2C and fig. $2) (3.57 
2.1% n= 7; for control, 48.6 « 2.6%, n= 6; P< 
0.01). This is in contrast to previous reports in 
the hippocampus where a significant run-up was 
observed (//) and argues against a rapid consti- 
tutive recycling of AMPARs, To specifically inter- 
fere with the mobile poo! of GluR2-containing 
receptors, we loaded cells with the active EVKL 
Peptide that disrupts the interaction of GluR2 
\with PICK1 (/2). This manipulation blocked the 
expression of mGIUR-LTD (Fig. 2F) (13.1 
1.7% = 9, versus inactive pep2 
47.1 1.6%, = 9, P< 04 
mGIUR-LTD was blocked by an mGluR] 
antagonist (Fig. 1, A and B). mGluR via Gq 
activates many pathways, including the extra 
cellular signal-regulated kinase ( 
Phosphoinositide 3-kinase-Akt-n 
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Fig. 2. mGluR-L1D expression involved the exchange of high-conductive AMPARS for low-conductive 
AMPARS. (A and B) Examples of F-V relationship before and after DHPG application in mice injected with 
cocaine (A) or saline (B). (Insets) Overlay of 20 consecutive traces. was estimated from the initial slope of 
the parabolic fit. (C and D) Relative changes in y and number of channels (M) open at the peak of the 
response. (E). Disruption of the protein-protein interaction between dynamin-amphiphysin with a 
dominant negative peptide (D15, 1.5 mMl) prevented mGluR-LTD. Averaged traces recorded before and 
after mGluR-LTD induction with and without D1S in the patch pipette. (F). Dialysis of DA neurons with the 
‘dominant negative peptide pep2-EVKI (100 uM) blocked mGluR-LTD, whereas its inactive form (pep2- 
‘SVKE, 100 M0) was without effect. Scale bars for (A), (B),(E), and (F) indicate 5 ms and 50 pA. 
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get of rapamycin (mTOR) (/4). Although the 
ERK inhibitor U0126 was ineflicient in blocking 
luR-LTD (Fig. 3) (36.4 = 1.1%: for control, 

3.M%; m fiom 4 10 8; P > 005). we 
observed a block of the depression (6.45 = 1.3% 
forcontrol, 46.5 = 1.3%: n from $109: P< 0.01) 


with rapamycin (10- to 20-min preincubation), 
strongly implicating mTOR signaling in expres- 
sion (Fig. 3B) 

‘The involvement of mTOR in mGlR-LTD 
in the VIA suggests that this form of plasticity 


cloheximide (C-hex), which blocks transtational 
‘elongation through an effect on the 60S ribosomal 
‘complex, was applied to the bath, we observed 
significant reduction of the mGIuR-LTD (Fig, 
3C) (18S « 2%,n = 10, P< 0.08), The residual 
depression during mGIR-LTD in C-hex was 
inalistinguishable from that in interleaved experi- 
ments in which only C-hex was applied (13. 

. P > 0,05). To contro for this non 
specific fet of C-hex, we obtained a within- 


an "Va 


cell control by applying DHPG first with and a 
second time without C-hex. We observed an 
almost-complete block of the depression in the 
presence of the translation inhibitor, whereas 
mGIuR-LTD was restored after its washout Fig, 
3D, 13.1 = 3.2% after first DHPG application; 
45.3 © 1.6% after washout of C-hex, 8, P< 
0.01). Anisomyein, which inhibits translation 
via the 805 ribosomal complex, had no effect on 
‘baseline transmission but blocked mGhuR-LTD, 
whether DHPG (Fig. 3E)(1.4 = 2% 
0.01) or brief trains of synaptic stimu 
3F) (0.2 = 2.1%, n= 7, P< 0.01) was used as 
induction protocol 

I mGluR-LTD depends on rapid translation, 
\what is the protein that needs to be synthesized? 
‘One possibilty is that GluR2-lacking AMPARS, 
are removed from the synapse by a protein syn- 
thesized during mGluR-LTD. Altematively, the 
synthesis of AMPARS that contain GluR2 may 
2-tacking AMPARS, in which ease 
‘GluR2 woud be rapidly synthesized during LTD 
induction. The dendrites of many neurons con- 
tain mRNA for AMPAR subunits, and the ma- 


cchinery to integrate them into the membrane is 
also present (/5, 16). We therefore tested for 
synthesis and insertion of endogenous GluR2 by 
specifically interfering with the mRNA of GluR2 
We chose two approaches, antisense oligo- 
nucleotide and small interfering RNA (siRNA), 
‘against a unique sequence in the Naerminal re- 
ation of GluR2 (positions 1575 t0 1595) (17). In 
both cases, the goal was not to deplete the endo- 
genous protein but to apy and see 
Vent GluR2 mRNA. from 
filled the patch pipette w 
nucleotide or siRNA and allowed tree diffusion 
for 20 min while monitoring baseline synaptic 
transmission. With both interventions, baseline 
transmission was unatlected, whereas mGluR- 
LTD was abolished (Fig. 4, A 10 C) (for antisense 
3 © 1.2%; for SIRNA-GluR2, 
4.6 © 1.6% and for 66 Hz and siRNA-GluR2, 2 

3.1% n from & to 18). As controls, we kxtded 
the cells with scrambled versions of the oligonu- 
cleotide and siRNA, which did not bloc 
LTD (forantisense oligonucleotide, 37.4 
for SIRNA-GluR2, 33.5 © 5.1% and for 66 Hz 


° 


0% 0 0 © w 


Fig. 3. mGluR-LTD is expressed by fast protein synthesis in response to the 
activation of the mTOR pathway. (Insets) Averaged traces before and after 
mGluRATD. Scale bars, 5 ms and 100 pA. (A) Preincubation with the ERK 
inhibitor UO126 (20 Mt for 20 to 30 min) did not affect the magnitude of 
mGluR-LTD. Vehicle control was in 0.01% dimethyl sulfoxide (DMSO). (B) 
Preincubation with the mTOR inhibitor rapamycin (50 nM for 20 to 30 min) 
strongly reduced the magnitude of mGluRATD. Vehicle control in 0.01% DMSO. (© 
The translation inhibitor Chex inhibited mGuR-TD. (D) Reapplication of DHPG after 
washout of Chex induced normal mGluR-LTD. (E) Anisomycin (25 jt, 20- to 30- 
‘min preincubation) also abolished DHPG-induced mGluR-LTD. (F) Synaptically 
‘induced mGluR-LTD (two trains of five pulses at 66 Hz) was also abolished by 
anisomycin (25 jM, 20- to 30-min preincubation). 
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Fig. 4. Specific targeting of GluR2-mRNA abolished mGluR-ATD. (insets) 
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1M, positions 1575 to 1595) dialyzed intracellularly blocked mGluR-LTD. (B) 


‘Averaged traces before and after mGluR-LTD. Scale bars, 5 ms and 50 pA. (A) Double-stranded siRNA (30 ni) targeting GluR2-mRNA abolished mGuR-LID. 


‘Antisense oligonucleotide against the N-terminal sequence of GluR2-mRNA (250 


532 


(© Synapticaly induced mGluR-LID was also abolished by the GluR2-siRNA. 
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Matrix Deposition Device 


The imagePrep sample preparation device is for automated matrix deposition 
conto tissue slices for analysis with the matrix-assisted laser desorption ioniza 

tion (MALDI) Molecular Imager. The Molecular imager allows color-coded 
Visualization of the distribution of peptide or small protein biomarkers, or of 
drugs and their major metabolites, forthe direct analysis of molecular disti- 
bution in tissue sections. The ImagePrep device provides reproducible sample 


preparations for MALDI imaging in an automated, push-button process. 
Another advantage of ImagePrep is the combination of excellent spectral 
Quality at high image resolution of 50 microns, 

Bruker Daltonics For information 978-667-9580 wa.bdal.com 


Imaging Platform 
The Hoefer ULTima imaging platform provides a 
versatile, easy-to-use, and readily upgradeable gel 
documentation system with superior dynamic 
‘ange for applications in proteomics and genomics. 
The ULTima’s image positioning system features 
patented optics to enable simple, accurate position: 
{ng with no loss of optical resolution and no need to 
‘open the cabinet or marwally adjust a fragile gel. 
The slant-correction feature permits optical rotation 
‘of the sample by + 5° for optimum lane detection, 
without touching the gel. The versatile system offers, 
‘tue mult: fluorophore capabilities and sensitivity, 
performing fast chemiluminescent imaging and 
faint-band fluorescent detection. The filter changer 
accommodates up to five filters, and an optional 
epi:illumination module enables excitation of fluo- 
‘ophores within the visible/near infrared range. 
Hoefer For information 415-550-3472 
wetoeterinc.com 


Ultrafiltration Cartridge 

The BioPak C disposable ultrafiltration cartridge is 
designed to minimize alkaline phosphatase (ALP) 
released by bacteria that may be present in 
immunoassay and clinical analyzer feed water 
used to prepare buffers, make blanks, and rinse 
tubing and probes. CLSI Clinical Laboratory 
Reagent Water can degrade quickly when standing 
intubing and reservoirs during downtime, increas 
ing bacterial counts and releasing ALP. This can 
interfere with some biochemical assays, resulting 
in inconsistent blanks and the need for more fre~ 
quent decontamination and calibration. When 
attached to any Millipore AFS or Elix clinical water 
purification system as a final purification step, the 
Millipore BioPak C filter delivers ALP-free water 
with bacteria levels lower than 10 cfuimL. 
Millipore For information 800-548-7853 

veer milliporecom 


Microfocus X-Ray Source 

The FRE+ SuperBright is a microfocus xray source 
‘of comparable brightness to second generation syn 
rotron beams, producing intensities of 1.6 x 10! 
scraysmim?/sec. The FR-E+ SuperBright microfocus 
rotating anode xray generator is the most tense 
home laboratory xray availabe for macromolecular 
crystallography, according to the manufacture. 
Rigaku For information 281-362-2300 
wnerigaku.com 


Rechargeable Lithium-ion Battery 

A patented system lets designers add a recharge 
able lithium ion battery for back-up power as an 
OEM component of virtually any type of electronic 
and electromechanical equipment. The Intelligent 
Battery and Power System serves as.a complete 
‘AC/DC poner supply and provides clean, regulated 
1G, from a variety sources, including from ihium: 
‘on battery packs, an AC wall outlet, or any external 
DC source, such as solar and wind power. The bat. 
teries take over seamlessly ifthe external poner is 
interrupted, and recharge automaticaly when the 
power is restored. 

OceanServer Technology For information 
$5306-678-0550 wan ocean-servecom 


Vibration Isolation Workstation 

The MKZ6 is an ultra ow-natural frequency vibra- 
tion isolation workstation. The workstation makes 
se ofthe Minus K tif spring and negativestitfiness 
mechanism to achieve a low net vertical stiffness 
without affecting the static load supporting capabil- 
ity. Horizontal isolation is provided by beam 
columns connected in series with the vertical 

‘motion isolator. Adjusted to a 0.5 Hz natural fre 

quency, the workstation achieves 93% isolation efi 

Ciency at 2 Hz, 99% at 5 Hz, and 99.7% at 10 Hz. 
The MK26 can be configured for 2 wide variety of 
locations where disturbances due to extemal vibra- 


tions can adversely affect the operation of sensitive 
equipment. Customization options include guard 
rails, padded armrests, overhead equipment 
shelves, monitor stands, non-solated shelves for 
supporting equipment off the tabletop, oversized 
teyboard shelves, retractable casters, Faraday cages 
toprotect sensitive operations fram electromagnetic 
ierference, tabletop enclosures to protect against 
harsh manufacturing environments, and electrical 
accessories such as outlet strips for lighting. 
Kinetic Systems For information 617-522-8700 
wonckinetcsystemscom 


Literature 

Optimizing Electroporation Parameters for Effec 
tive Gene Silencing in Jurkat Cells s an application 
note that describes the use of electroporation for 
the transfection of Jurkat cells with smal-interer- 
ing RNA (siRNA) The protocol describes how to 
determine the best electroporation conditions 
(voltage and pulse duration) and the optimum 
concentration of siRNA to achieve a high transfec- 
tion rate and minimum cell damage, which can 
result ina silencing efficiency of 85%. The experi- 
ments featured the Eppendorf Multiporator and 
Eppendorf hypo-osmolar electroporation bulfer. 
The Multiporator applies electronically regulated 
microsecond pulses fora high cell survival rate, 
which in combination with the hypo-osmolar 
buffer achieves a high transfection yield, 
Eppendorf For information 800-645-3050 
wmeppendort.com 


eniy offered instrumentation, apparatus, and laboratory 
materials of interest to researchers in all disciplines in aca- 
eric, industria and government organizations are featured 
in this space. Emphasis is gen 1 purpose, chief characteris 
tis, and availablity of products and materials. Endorsement by 
‘Science or BAAS of any products or materials mentioned isnot 
‘implied. Additional information may be obtained from the 
smanucire or super. 
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DIRECTOR 
Center for Bioprocessing Rand D 

“The South Dakota School of Mines nd Technology 
(SDSMT) invites appbcatons for the Director for 
the State supported 2010 Center for Bioprocessing 
Research and Development (website: heyp:/ /www- 
sdbor.cdu administration /research /indes.htm). 
‘The candkdate should have a strong background in 
“engineering or biological xicnees with experience in 
a field related to bioprocessing and a Ph.D. degree 
(preferred) or a Master's degree and five to ten years 
‘of expericnce. A highly qualified candidate with 
BS. degrar and extensine experience will abo be con, 
sidered. The succesful candadate will actively par 
ticipate in at least one of the research focus areas 
{(prewesument, comensen, scparabon, extremoptiles) 
Preference will be given to candulates with estab: 
lished revonts of excellence in industrial processing, 
business management, rexarch management, cht 
[prencurship, and grantsmanship. 

Please apply online and view complete job de 
scription at website: tp: //admines.sdsmt.cdu/ 
selamt/employment. Revi of applications will et 
tinue tnt the pestion i fled. For questions regard 
ing the position contact e-mail cbr dir search® 
sdsmtedu. For information reganiing Rapid City 
and SDSMIT vist website: herp://www.rapidcity. 
‘com and www.sdsmtedu. 
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FACULTY OPPORTUNITIES 
Pediatric Neurology and Multiple Sclerosis 
The Department of Neurology atthe Univesity of 

\Wisconin seeing lla tained Beand-cigite/ 

Board-certiged junior fcuky to develop academic 

Programe including resarch clini care, and ed 

xt i pestric ncunology’ and malic scr 

The positons include resources for dina and bac 
rescarch, copecatin of calboratve dial and tan 

Iatonalreearch with collages and participation in 

tertiary clinical care in a rekral network inchs 

Wisconsin and adjoining states, The research env 

ronment includes the dere neuroscience faculty of 

the Unherky of Wisconsin, fo Center for Neuro 

Science, and new Clinical and Translational Re 

search iwtinte. Pry clinical ass incu the 

University of Wisconsin Hospital and Clinics andthe 

now American Family Chukice’s Hopital 
Tn mse cant wal ne demonstrat 

training and. peeparaton for a successful academic 

Career combiting excellence in cial scrice, re 

Scarch, and teaching 
ase send lene of intrest and curicdum vitae 

ane srange for recderencs vo be sent cron 19 

‘Unless confuderiaey ts requewed in writing, 

information ranting the appicants must he fekeased 

Upon request Waconsin Caregiver La applice. Ui 

Makin tar imate Aoi Ea Opotenty ny 


YALE UNIVERSITY 
Department of Chemistry 

The Department of Chemistry at Yale Univer: 
sity invites applications for tenure-track positions 
at the ASSISTANT PROFESSOR level to com 
imence 1 July 2008. We seck creative TEACHER: 
SCHOLARS who show promise for developing 
‘outstanding research programs in inorganic chemi: 
try of organic chemistry, broadly defined to inchade 
both materials chemistry and chemical biology Ap 
plicants should send their curriculum vitae soda 
Statement of research plans, and arrange for the 
‘submission of three leters of recommendation. All 
materials should be received by 15 October 2007. 
‘Send applications to: Chair, Junior ‘Search 
Committec, P.O. Box 208107, Yale University, 
New Haven, CT 06520-8107. Yale Uiienity & 2 
Equal Opportnity/Affemative Action Employer, and 
ppbsstion fom sen nd sndonerented minonty soup 
members am expsaly emounaged 


SITIONS C 


FACULTY POSITIONS 
Human Molecular Genetics Program, 
Children’s Memorial Research Center 

and Northwestern University 
Chicago, Hinois 
Applications are solicited for ASSISTANT. 

PROFESSOR level positions in the Human 

Molecular Genetics Program at Children's 

Memorial Resesarch Center (CMRC). We 

seck Ph.D. and M.D./Ph.D. candidates with 

outstanding graduate and postdoctoral train- 
ing, a strong publication record, the potential 
to attract external funding, and a commitment 
to devo ninth rogram, New 

ratory space and statc-oF the art equipment 
arin place: Startup packages will be generous 
and siccesfd applicanks will be ligble for 
tenure-track fculty positions inthe Department 
of Pediatrics, Foinberg School “of Medicine, 


Nomhwestem University. Candidates with 


seach irene in al aaa of human pets 
tall be censalered,incaing human pectic 
Uiscasc and moni thecof gene state ad 
fimation, regulation of gene expression, cho 
sti afte an ican ar i 
Thea sea cuniculi se, a sateen of 
resch interes contact infra of thee 
references, and PDF. fics of most rekvant 
kate cae of. Che Human 
en's Se 


‘Nonhveion Univnity an Aime Arion? 
Equal Oppo Eimer. Hiring i cnt upon 
dh to er the United Sta, Women and 
Inno conde e stly onougd ayy 


The Department of Pathology and Anatomica 
Sciences atthe Uneraty of Misa School of Med 
inor-level ANATOMIST for 9 
pone a cing nie vi 
Strong rsa programs whowe interests complanent 
thon of cumem cul in the integrative anatomy 
troup (ebsites htep://anatomy.missour cd). 
fhe Unnenay of Mim pont 2 collegial cn 
‘ronment with substan! opportunites for nec: 
tal crest an! divene reserch The pono ao 
include a commitment to easton, icing gral 
nursing and lth 
sideraduate sh 
dents. Applicants should be committed to excellence 
in scholaMh, research, and teaching. The poi 
requires a PRD or MLD, ot cquhalent profsnal 
traning and capers. Piference will Be gen 10 
individhak with soficica experience tosatisy criteria 
fr appeinanent as ASSISTANT PROFESSOR on 
the tenure track, and who have experience reaching 
Liboratry-besed anatomy couse. Applications wil 
te accepted until the poution filed 
meres indica should stmt a ler of 
ingest, current curiciam wc, 2 strment of cr 
fent and fre research plans ad a st of at lest 
these rekerences by September 1, 2007, 
Douglas C. Anthony, M.D., Ph.D. 
Profesor and Chi 
Department of Pathology and Anatomical Sciences 
‘M263 Medical Scences Building 
University of Missouri School of Medicine 
‘One Hespital Drive 
Colnbia, MO 65212 


r electronically (prefered) to email: greshammk@ 
esas 


"The Unie of Miscou isan Equal Opyortty Eine 
pope ABirmate Aan and wees appiatons rom me 
feet of undeneprsented groups. For ADA acmmodatons, 
plese comtat our ADA coordinator st telephone: S73-884- 
a7 W/TT. 
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uf NATIONAL INSTITUTES OF HEALTH 


DIRECTOR, DIVISION OF STRATEGIC COORDINATION 


‘The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland, is secking a Director of the Division of 
c Coordination (DSC) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI). Ifyou are an exceptional 
candidate with an M.D. and/or Ph.D... we encourage your application. 


OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES 
S 


‘The OPASI’s primary objective is to develop: a transparent process of planning and priority-setting characterized by a defined 
jew with broad input from the scientific community and the public: valid and reliable information resources and tools, 
ease coding and accurate, current and comprehensive information on burden of discase; an ins 
process of regularly scheduled evaluations based on current best practices; the ability to weigh scientific opportunity against public 
health urgency: a method of assessing outcomes fo enhance accountability: and a system for identifying areas of scientific and health 
improvement opportunities and supporting regular trans-NIH scientific planning and initiatives. 


As the DSC Director, you will be responsible for integrating information and developing recommendations to inform the priority- 
setting and decision-making pragesses of the NII in formulating NII-wide strategic initiatives, “These initiatives will address 
exceptional scientific opportunities and emenging public health needs (akin to the Roadmap, Obesity, and Neuroscience Blueprint 

itiatives). You will also be responsible for providing the NIH Director with the information needed to allocate resources effectively 
for trans-NIH effort 


Salary is commensuraté with experience and includes a full benefits package. A detailed vacancy announcement with the mandatory 
qualifications and application procedures can be obtained on USAJOBS at www.usajobs.gov (announcement number OD-07- 
172844-T42) and the NIH Web Site at http://www.jobs.nih.gov. Questions on the application procedures may be addressed to 
Brian Harper on 301-594-5332. Applications must be received by midnight eastern standard time on August 10, 2007. 


{ OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES is 
NSS DIRECTOR, DIVISION OF EVALUATION AND SYSTEMIC ASSESSMENTS ro 


‘The Office of the Director, National Institutes of Health (NIH) i Bethesda, Maryland, is secking a Director of the Division of Evaluation and 
Systemic Assessments (DESA) within the Office of Portfolio Analysis and Strategic Initiatives (OPASI). If you are an exceptional candi 
with an M.D. and/or Ph.D. and the vision and ability to integrate evaluation systems and programs across multiple disciplines and organizations, 
|we encourage your application. 


‘The OPASI's primary objective isto develop: a transparent process of planning and priority-setinig characterized by a defined scope of review with 
‘broad input from the scientific community and the public: valid and reliable information resources and tools, including uniform disease coding 
and accurate, current and comprehensive information on burden of disease; an institutionalized process Of regularly scheduled evaluations based 
‘on current best practices; the ability to weigh scientific opportunity against public health ungency: a method of assessing outcomes to enhance 
accountability; and a system for identifying areas of scientific and health improvement opportunities and supporting regular trans-NIH scientific 
planning and initiatives. 


As the DESA Director, you will be responsible for planning, conducting, supporting, and coordinating, specific program evaluations and projects 
of NIH Institutes and Centers such as the Roadmap, Obesity, and Neuroscience Blueprint initiatives. In addition, you will serve as the liaison 
for conducting governmentally required assessments according to the Government Performance and Results Act (GPRA) and OMB Program 
Assessment Rating Tool (PART). You will also serve as a member of the OPASI Steering Committee involved in oversight of institution-wide 
planning and analysis 


Salary is commensurate with experience and includes a full benefits package. A detailed vacancy announcement with the mandatory qualifications 
and application procedures can be obtained on USAJOBS at www.usajobs.gov (announcement number OD-07-172847-T42) and the NIH Web 
Site at http://www.jobs.nib.gov. Questions on the application procedures may be addressed to Brian Harper on 301-594-8332, Applications 
‘must be received by midnight eastern standard time on August 10, 2007. 


THE NIH 1S DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


WWW.NIH.GOV 


The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland, 


‘ment and Analysis (DRDA) within the Offi 
an M.D, andor Ph.D,, we encourag, 


The OPASI’s primary objective is to develop: a transparent process of plan 
‘broad input from the scientific community and the public; valid and reliable information resources and tools, includ 


OFFICE OF PORTFOLIO ANALYSIS AND STRATEGIC INITATIVES 
DIRECTOR, DIVISION OF RESOURCE DEVELOPMENT AND ANALYSIS 


Fas 


seeking a Director of the Division of Resource Develop- 
‘of Portfolio Analysis and Strategic Initiatives (PASI). If you are an exceptional 
your application, 


ndidate with 


‘and priority-setting characterized by a defined scope of review with 


uniform disease coding 


and accurate, current and comprehensive information on burden of discase; an insttutionalized process of regularly scheduled evaluations based 
(on current best practices; the ability to weigh scientific opportunity against public health urgeneya method of assessing outcomes to enhance 
untability; and a system for identifying areas of scientific und health improvement opportunities and supporting regular trans-NIH scientific 


planning and initiatives, 


Asthe DRDA Director, you will be responsible for employing resources (databases, analytic tools, and methoxologics) and developing specifications 


for new reso 
priority setting in seient 


te with experience and includes a full benefits pack: 


tion procedures can be obtained on USAJOBS at www..usajobs.gov (OD-07-172841-T42) and the NUH Web Site at htt 


fees, when needed, i order to eonduct assessments based on NIH-owned and other databases in support of portfolio analyses and 
¢ areas of interest across NIH. 


yt with the mandatory qualifications 
WWW. 


Jobs.nih.gov. Questions on the application procedures may be addressed to Brian Harper on 301-594-8332. Applications must be received by 
‘midnight eastern standard time on August 10, 2007, 


Director, Division of Extramural Research and Training (DERT) 
Research Triangle Park, North Carolina 


‘Nationa iat 
“eronmertal Heat Sciences 
ata tatters Maal 


‘The National instute of Environmental Health Sciences of 
the Nationa instivtes of Heaths seeking an exceptions. 
‘candidat fl he postin of Directo, vision of 
Extramural Research and Training. The incumbent ofthis 
sition wil crect the Institutes Extramural Research 
ram, which is rganized into seven branches and 
‘centers and is composed of 5 FES, DERT is responsible 
{or approximately 755 research grants for a total of $38 
milion. This dmc and diverse grants potoo covers a 
varity of scenic discipinesin suppor of esearch and 
‘esearch raining in environmental heath The Division 
cof Eatramral Research and Trainin support esearch 
that spans the ene spectrum rom basic mechanistic 
research to clinical stcies, The Division supports transi 
tional research onthe ole ofthe endronment in chien’ 
health, breast cancer, Parkinsons and other neuredegen- 
erative diseases, respiratory cseasesinclding asthma 
and reproductive health, to name just few. Adinaly, 
the Divsion is actively engagedn developing the next 
‘generation of environmental sciensts through or triing 
and carer development programs, andthe Director 
should be someone commited tothis objective. The 
‘opportunity maybe avaiable forthe incumbent to have 
his ocherowintramurl research program depending 
‘on scintfc accomplishments and interests. 


Ti prsn tinct: DRT oe he fir 
level positon reporting cect tothe Drecto, NIEHS 
Sieeuatecemera 
tothe Insttte Director on scientific fats affecting 

the extramural conmunty, develops ad recommends 
procedures and policy forthe execution of the research 
rogram; determines effectiveness of curent programs 
and recommends rew research programs oder to meet 
‘ational enironmertal heath nee ds. Te ncumbentis 
‘Aso expected to lead the stall and develop colaboratens 
and elatontips with ther Federal agencies and also 
wih advocacy groups and indus 


Candidates must have ether an NLD. Ph.D. or eouvaent 
egreein a dsciplin relevant to enironmental health 
science. Candidates shoud be accomplished research- 
xsi environmental heath scence, as evidenced by 
publication record. Appfients shoud be aware of cuent 
trends, research directions and needs in environmental 
heath sciences and be conversant iththe policy 
impicatons ofthe research. Candidates should havea 
proven rack record of administrative experience and 
Scien program development. Faint wit NHL 
procedures and progransishepul Salary willbe com- 
‘mensurate with level of experience. 


Pease forwar questions regarding th positon to 
Dc Stephanie London Search Commitee 
Natnallnsttut of Enronmertal Heath Sciences 

111 Alexander rv, PO. ox 1223, Mailrop ABS 
Research angle Park, NCZTIO 

9195415772 

Landor2eries nitgor 

Interested persons shoud subrit a curicum 

vitae, astatoment regarding reasons for inerest 

‘nthe postion and unique qualifications by 

August 242007: 

Ms. Stephane Jones (Vacancy HHSINIH-207-DER.O}) 
(fice of Human Rescurces 

atonal lntut of Enronmertal Heath Sciences 

0. Box 12233 Mairop NH, 

Research Tangle ask, NC ZT 

Jones 7@mainingor 


‘ntpifwoew.iehs.ih govder) 
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(os1) pharmaceuticals 
Shaping Medicine, Changing Lives 


Position yourself on the cutting-edge at OSI Pharmaceuticals. We turn 
research opportunites into breakthrough medica! tretments and offer a 
Stimulating, collaborative rvironment tere scientists ca buald resarding 
‘arcers, Discover your potential with an opening at our state-of-the-art 
Farmingilale, NY research ftw 


EMT Research Leader 


[Lead EMT research efforts to further understand the central tangets/ 
pathways that drive the epithelal-tormesenchymal transition in human 
ancers, identify novel deug targets and provide a bass for rational clinical 
tseof agents that inhibit EMT or mesenchymal cell survival. A PRD. with 10+ 
Years of experience and an intemabional reputation in the Field required. 
Extensive publication recon on EMT in Oncology and demonstrated 
ability to both lead and work collaboratively are exeential. Famuliarty with 
“linical dug development practices in oncology a plus. Ref FAQDLA2 


Research Project Leader (Molecular Tan 


[Load cancer biology drug discovery efforts along with multidepartmental 
project teams to fenerate novel small molecules for treatment cf cancer 
Requires a Ph.D. with 8-15 years experience including strong, oncology 
drug discovery and project leadership background, Knowledge of cancer 
‘ol signal transduction and experience in a biopharmaccutical company 
‘environment are essential, Expertise in molecular targeted therapies, 
biochemistry cel biology and it ete pharmacology ark an understanding 
of PK/PD/eficacy relationships a must. Exoxllent cemmunication skills 
required. Reff FAOOLS 


(O51 offers a competitive benefits package including 401K, vacation, stock 
‘and much more, Interested candidates, please apply online at 
http/eareers.osip.com. (Ref # FADOL2 de FAQOLAS). EOE M/F/D/V 


aA. 4 


‘The Medical College of Georgia (MCG), Geongia's premier Health Sci 
‘ences University, is recruiting an assistant or associate professor level 
faculty. Candidates should have a proven track record of productive 
research and preference will be given to those with funded projects, The 
chosen candidate will receive a competitive startup package. Arcas of 
expentise should be investigating the role of molecular chaperones i 

protein misfolding diseases such as neurode generation and myopathies, 
‘cancer, protein trafficking, signal transduction, nuclear receplorsassembly 
and function, as well as other related fields focusing on basic or transla- 
tional esearch. Applicants will oin a group of scientists investigating the 
role of molecular chaperones in animal models (mice, yeast, zebrafish of 
‘human disease such as neurodegencrative disease, cancer, myopathies, 
Viral immunology and inflammation. Excellent core facilt 

‘on Microscopy, Transgenic and Knockout Mouse, T 

Molecular Biology, Flow Cytometry, 

Spectrometry, Small Animal Behavioral Core, imaging facil 

Human Brain lab 


Additional information is available at www.meg.edu or from the Chair 
Of the search commitige Dr. Nahid Mivechi, Applications with a stte- 
‘ment of research interests, curriculum vitae, and names and contact 
information for three references should be sent to: Nahid Mivechl, 
PhD, MCG, Center for Molecular Chaperone/Radiobiology and 
Cancer Virology, 1410 Laney Walker Blvd, CN-3183, Augusta, GA, 
30912 (nmivechiameg.edu). Review of applications will begin 0 
‘September 1, 2007, 


MCG is an EEOMAA/Equal Access Employer. 


SYRACUSE UNIVERSITY 
BIOMEDICAL AND CHEMICAL ENGINEERING 


The L,C, Smith College of Engineering and Computer Science at Syracuse 
University invites applications fortwo tenure-track faculty positions in the 
Department of Biomedical and Chernical Engineering. Syracuse University 
is focusing strategically on the area of Biomatcrials with cluster hiring 
cross multiple colleges and departments, including these two junioe faculty 
positions. Applicants should have a Ph.D. and academic and/or industrial 
‘experience indicating promise of an exceptional future in enginecring 
research in the biomaterials area, including tissue engineering, controlled 
drug release, smart medical devices, biodeyradable polymers, biinterfaces. 
‘computational or imaging techniques, and/or biocompatibility. In ation 
to collaboration with faculty in other schools and colleges, the Institute 
for Sensory Research andl the Center of Excellence in Environmental and 
Energy Systems within Syracuse University, collaborative research oppor: 


‘unites extend to the adjacent campuses of the SUNY Upstate Medical 
University and the SUNY College of Environmental Science and Forestry. 
‘The Department offers BS. (ABET.accredited), M.S. and Ph.D. degrees in 


‘both chemical engineering and bioengincering and the successful applicant 
will be able to teach in these programs, The greater Syracuse region is 
growing industry-academic opportunities in the biotechnology realm as 
evidenced by planned construction ofa life sciences building at Syracuse 
University (see http:/ifesciences.sy .edu/main. html), the new Syracuse 
Biotechnology Research Center (se http:/www.upstate.edu/biocenter/), 
and the recent creation of MedTech (sce http://medtech.org/) a regional 
‘organization wo foster commmercialization of biomedical technologies 
Applicants should submita curriculum vitae, and statements of research and 
{caching interests to: Dr. Jeremy Gilbert, Search Chair, Department of 
[Biomedical & Chemical Engineering, 121 Link Hall, Syracuse Univer 
sity, Syracuse, NY 1324-1240. At least three letters of reference should 
be sent to the same address. Application materials should be submitted 
elcetronically to www sujobopps.com. Review of applications will begin 
July 1, 2007 and will continue until the positions are filled. 

Spracuse University is an Equal Opportunity/Affirmative Action 

Employer with a strong commitment to equality of opportunity 

and a diverse work force. 


‘Oklahoma University Cancer Institute 
Director, Center for Basic and 
Translational Cancer Research 


The OU Cancer Institute (OUCH) at the University of Oklahoma Health 
‘Sciences Center( OUHSC) is seeking qual ndidates for the position 
‘0f Director of the newly cre and Translaio 
Cancer Research. Applicants are expected to have a successful t 
record of sustained, collaborative, peer-reviewed funding and publica- 
‘tons an to maintainan active research program, with preference give! 
NCI funding. The successful candidate will have the opportunity, author- 
ity and resources to develop and oversee basic and translational cancer 
research within the OUCI, especially in developmental therapeutics and 
‘translational research. This isa Deputy Director leadership position wit 
the OUCL, with the responsibilty of working closely with the Director 
to ensure that the Center supports the overall mission and yoals of the 
‘OUCL Substantial resources will be available to recruit faculty and build 
‘cancer research programs within the Center 


The OUCT is the only academic Cancer Center in Oklahoma, has received 
4 P20 Cancer Center Planning Grant from the NCI, and participates i 
‘2 P20 Clinical and Translational Science Award (CTSA) from the NIH. 
Five year investments in the OUCT total $210 million. OF this amount, 
$120 million is dedicated to funding a new cancer treatment and researc 
facility The additional $90 million is dedicated to creating endowed chairs 
tworecruit cancer research faculty and providing support for peogram and 
infrastructure development 


Applications‘nominations should include a current curriculum vitae and 
‘personal statement. Electronic submission of applicationsis preferred. All 
applications and inquiries will be confidential. Direct correspondence and 
inquiries to: Robert Roswell, MD, Search Committee Chair, Senior 
Associate Dean, College of Medicine, University of Oklahoma Health 
‘Sciences Center, PO Box 26901, Oklahoma City, OK 73190: robert- 
roswell@oubse.edu; (405) 271-2307. 


The University of Oklahoma is an Equal Opportunity 
Affirmative Action Employer 
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become a cure? 


Imagine what you can achieve at a biotech start-up with unrivaled global resources. Imagine applying innovative 


Science to identify and validate novel drug discovery targets. Imagine a biotech company atmosphere within one 
of the world’s largest pharmaceutical organizations. 


At Pfizer Research Technology Center (RTC) in Cambridge, MA, we apply innovative science to identity and 
validate novel drug discovery targets for Pfizer R&D and use creative scientific approaches to increase the 
diversity of potential drugs which may bind to these targets. 


‘Surrounded by more than 300 biotechnology companies and world-leading research hospitals and academic 
institutions, a key element in the success of the RTC is the growing and dynamic portfolio of partnerships 
with these innovators. With them, we're applying cutting-edge techniques and technologies with broad utility 
across different therapeutic areas - developing a deep knowledge of new drug discovery targets, identifying 
novel chemical structures, and understanding mechanisms of toxicology. 


At the RTC, we're balancing the strength of Pfizer R&D with the nimble feel of a small biotech, and creating 
an exciting and team-based scientific environment for over 150 colleagues with a wide range of scientific skills 
and experience, Collaboration and cooperation are the norm here. And the unique working environment is 
allowing science to leap forward into the future and bring to market what are miracles for many. 


Now you can be a vital member of Pfizer Research Technology Center, a research center unlike any in the 
world, and use your talents to change the world. 


Join Pfizer RTC and collaborate to find cures. We are currently hiring the following disciplines: 


‘ADME Biology LOMS 

Biochemistry Mathematical Modeling 

Biophysics Molecular Profiling 

Cell Biology Protein Sciences/Protein Engineering 
Computational Biology Proteomics 

Computational Chemistry Synthetic/Medicinal Chemistry 
Enzymology Systems Biology 

Genomics Text Mining 


To apply now and leam more about our people, our pipeline, 
and our plans for the future, vist www-pfizercambridge.com 
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VANDERBILT UNIVERSITY 
SCHOOL OF MEDICINE 


CHAIR 
Department of 
Molecular Physiology and Biophysics 


‘Vanderbilt University School of Medicine is conducting a search for 
Chair, Department of Molecular Physiology and Biophysics. The 
department has a rich history of research in the areas of metabolism 
and cell signaling, and is consistently ranked among the very best of 
Physiology Departments, The department has accomplished, well 
funded faculty working in diverse areas including neuroscience, 
diabetes, biophysics, cell signaling, and gene regu- 
lation, This isan exciting opportunity for a productive investigator 
to lead expansion ofa distinguished department to an even greater 
level of excellence. The successful candidate will possess an out- 
standing record of published research, a commitment to education, 
with demonstrated vision, energy, and leadership capacity, She/he 
will have an appreciation of diverse areas of research and a strong 
record of productive collaboration. 


Interested candidates should send curriculum vitae, bibliography, 
tnd alist of five professional references. The search committee will 
begin the review of applications on September 1, 2007 and continue 
until the position is filled. Applications may be sent either electron 
cally (marlene,jayne(@ vanderbilt.edu) or by mail 1 
Michael R. Waterman, Ph.D 
Chair, Molecular Physiology and Biophysics 
Search Committee 
c/o Marlene Jayne, BIOCH, 607 Light Hall 
‘Vanderbilt University School of Medicine 
Nashville, TN 37232-0146 


ay PROJECT MANAGER 


NIH Supported Interdisciplinary Research Consortium 


‘SysCODE: Systems-based Consortium for 
‘Organ Design and Engineering 


Brigham & Women’s Hospital, Children’s Hospital Boston, 
Harvard Medical School, Harvard University, M. 
Boston University, Vanderbilt University 


This newly funded NIH Road Map Intendisciplinary Research Consor- 
‘ium will enjoin 23 exceptional scientists from the above institutions in 
a S24M, five year, NIH funded inniative to build artificial organ parts 
from stem celis The Consortium will apply contemporary tools of devel 
‘opmental biology, genomics and protcomics, computational science, and 

issue engineering to deduce molecular blueprints for the fabrication 
‘of tecth, pancreatic islets and heart valves. The anticipated stant date is 
‘September, 2007, 


The requisite skill set for this position includes: Ph.D, or M.B.A. degree, 
significant experience in scienifc research administration, operations and 
Financial management, superb organizational and team building skills, and 
4 commitment to working wih a group of highly motivated scientists 
Indirect collaboration with the Consortium Director, this individual will 
help lead the overall scientific efforts of the C including fiseal 
oversight of ten linked grants, taining grant management and helping 
to define the Consortium agenda. The successful applicant will reside 
the Geneties Divisioa, Department of Medicine at Brigham & Women's 
Hospital and Harvard Medical School, and will enjoy 

salary and benefits, Send cover letter outlining qualifics 
clectonically by August 18, 2007 to Richard Maas, M.D., Ph.D., 
‘Consortium Director, at; SysCODE a geneties.med.harvard.cdu 


BWH is an Equal Opportunity Employer 
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The Department of Ecology and Evolutionary 


it 


Wheaton College 


Health Epidemiologist 


FACULTY POSITIONS IN 
PLANT-RELATED MICROBIOLOGY 


Biologyat Yale University invites applications 
fora faculty position at either the tenured o 
tenure track in the field of geology. We 
particularly interested in candidates whose 
research unites theory and empirical work in 
ways that shed new light on basic questions. 
A record of outstanding achievement and 
promising research program are more impor 
tant than the specific research area, 


Interested candidates should submit their CV. 
three relevant reprints oF manuscripts, 
research and teaching statements, a 
names and addresses of four potential evalu- 
ators by 18 September 2007, The search will 
remain open until the position is filled. Send 
materials to: Department of Ecology and 
Evolutionary Biology, Vale University, BO. 
Box 208106, New Haven, CT 06520-8106 
USA, Attn: Francine Horowitz 


“The Department is described at 
wwwcebsale.edu 


Yale University is an Equal Opportunity 


Affirmative Action Employer: Men and 
women of diverse racial/ethnic backgrounds 
‘and cultures are encouraged to appl 


‘The Applied Health Science Department of 
Wheaton College is searching fora full-time, 
tenure track faculty member with expertise in 
chronic diseases and physical activity 
epidemiology at the Assistant or Associate 
Professor level. The successful candidate will 
be expected to teach Concepts and Principles 
of Epidemiology and Wellness and conduct 
health related epidemiologic research with 
undergraduate students. Special comideration 
Will be given 10 candidates who ha 
expertise in. Urban Public Health. Doc 
degree required. 

Application deadline is October 31, 2007 
"The appointment will begin July 1, 2008 
Applicants should send curiculum vita and 


description of their teaching. philosophy. and 
research interests to: De. David lanuz20, Chai 
Applied Health Science Department: Wheaton 


College: $01 College Avenue: Wheaton, I 
60187 or email david januzz0@ wheaton.cdu 
Adkitional application materals will be seat to 
cligible candidates 


The Institute of Plant and Microbial 
Biology, Academia Sinica, Taipei is 
enthusiastically inviting applications for faculty 
the research areas of microbiology 
ith preference for plant-mierobe interaction 
and plant-related microbiology. These positions 
areat the levels of Assistant Research Fellow 
Associate Research Fellow, or Full Research, 
Fellow (equivalent to Assistant Professor, 
Associate Professor, or Full Professor it 
universities). Excellent facilites and starter 
grants willbe provided for these positions. For 
details of the Institute and Academia Sinica, 
please visit the website at http:/ 
mb sinicaedu.w/, Applicants are expected 
tohavea Ph.D. degree plus postdoctoral training 
‘Chinese language skills are NOT required and 
{international scientists are encouraged toapply. 
The application folder should include curriculum, 
Vitae, a statement of research accomplishment, 
and future rescarch plans. The application folder 
and at least three letters of recommendation 
should be sent to Dr, Na-Sheng Lin, Chair of 
Search Committee, Institute of Plant and 
Microbial Biology, Academia Sinica, Academia 
Rd, Nankang. Taipei, Taiwan 11529, e-mail: 
nnslin2@ sinica.cdu.tw. FAX: (+886)2-2782. 
1605. The review of applications will start on 
Sept. 20. 2007 until the positions are filled. 


VANDERBILT UNIVERSITY 
SCHOOL OF MEDICINE 


Faculty Position 


‘The Department of Biochemistry and the Vanderbilt Kennedy 
Center Program in Developmental Neurobiology and Brain 
Plasticity at the Vanderbilt University School of Medicine 
te applications for a tenure-track position at any rank. 
We are secking candidates specifically interested in using 
ldress biochemical mechanisms of cell 
tion, migration, myelination 
s well as adapt 
n plasticity. Information about the 
nent, the Varxlerbilt Kennedy Center and current faculty 
research interests can be obtained at the sites given below. 


proliferation, surviv 
or synapse form 


Applicants must have completed a Ph.D. and/or M.D. degree 
as well as postdoctoral training. Applications must be received 
by November 1, 2007. Submit a curriculum vitae, stater 
research interests, and three letters of recommen 


electronically at the website listed below or by mail to the 
following address 
Search Committee 
Department of Biochemistry 


607 Light Hall 
Vanderbilt University 
Nashville, TN 37232 


‘http://medschooL.me.vanderbilt.edu/biochemistry 
Ittp://ke.vanderbilt.edw/kennedy 


FACULTY POSITIONS 


The Department of Physiology, Pharmacology, Metabolism 
‘and Cardiovascular Sciences AND The Center for 
Diabetes and Endocrine Research (CeDER) 


‘The Department of Physiology. Pharmacology, Metabolism and Cardio- 
vascular Sciences and The Center for Diabetes and Endocrine Research 
(CeDER) invite outstanding seientiss with PhD., M.D., MD/PhD. 
‘or equivalent degrees to apply for several tenure-track faculty positions 
at Assistant Professor ~ Professor ranks. Appointments will be made 
in the The Department of Physiology, Pharmacology, Metabolism and 
Cardiovascular Sciences, with membership in CeDER. Physi 

cntists will be considered for joint appointments in appropriate clinical 
departments 

Candidates are expected to develop or have extramurally 

programs complementing our existing strengths in diabet 

tndoerine research; and to teach in medical and graduate programs of 
‘The College of Medicine. Candidates with a track record of funding and 


research in islet and lipid biology, neuroendocrine regulation, molgeular 
aspects of nutrition, whole animal metabolism, and hormone action are 
encouraged to apply 


For further information about our Department and CeDER please visit 
‘our website at https//hse.utoleda.edu/depts/physpharmiindes.h 
Applicants should submit theie curriculum vitae, brief descriptions of 
‘current and future research plans. and contact information for atleast three 
roferences to: Elizabeth Akeman, Assistant to Dr. Sonia M. Najjar, 
Professor, Department of Physiology, Pharmacology, Metabolism and 
Cardiovascular Sciences Director, CeDER. UT College of Medicine, 
3000 Arlington Avenue, Mail Stop 1008, Toledo, OH 43614-2598: 
Elizabeth. Akeman@utoledo.edu. 


UT is an Equal Access, Equal Opportunity, Affemative Aetion 
Employer and Educator. 


2sRSA 


Executive Search 


Director 


MRC Institute of Hearing Research, 
Scottish Section 


The Medical Research Council Institute of Hearing, 
Research (IHR) is an internationally leading centre for 
science, training and translation focusing on ‘The 
‘Auditory Brain’. Part of the MRC's intramural programme, 
IHR is organised around central facility at the University 
of Nottingham and three hospital based, regional 
sections in Glasgow, Nottingham and Southampton. 
Following the untimely death of Professor Stuart 
Gatehouse, we now seek a new Director of the Scottish 
Section. This Section is cofunded by the Chief Scientist 
Office (CSO) of the Scottish Executive Health Department 
‘and is one of the research units of the CSO. 


This is a unique opportunity for an auditory scientist 
\with vision to direct a highly skilled team of researchers, 
clinicians, support staff and students, creating and 
delivering a wide-ranging programme of fundamental, 
enabling, and translational applied research within 
IHR’s overall focus. The successful applicant will be 
‘an experienced research group leader with an 
established track record of publication and funding, 
Appropriate research interests include ~ but are not 
limited to ~ psychoacoustics, development and 
plasticity, speech, deafness, rehabilitation, audiology, 
‘cognition and neuroimaging. All HR senior scientists 
‘are committed to the collaborative ethos that underpins 
effective multidisciplinary research activities and 
scientific productivity. Prospective candidates will be 
‘asked to work creatively with IHR's Director to develop 
an internationally competitive research strategy. 


This will be a Band 2 MRC Appointment, with a final 
salary pension scheme, Where appropriate, assistance 
with costs of relocation will be provided, 


For an informal discussion about this position, please 
‘contact Professor David Moore on +44 (0)115922 3431, 
+44 (0)7720 046 059 or davem@ihr.mrc.ac.uk; 
‘alternatively Dr Kevin Young on +44 (0)1707 259 333, 
kevin young@theRSAgoup.com Further particulars and 
‘an application form are available from our website 
‘www. ihramre.ac.uk/ vacancies or quoting ref. IHRDM14 
from: Personne! Section, MRC Institute of Hearing 
Research, University Park, Nottingham NG7 2RD. 
Tel: +44 (0)115 922 3431, jobs@ihr.mrc.ac.uk 


Applicants should send a CV and completed application 
form with a letter outlining interest and experience 
‘and details of at least three referees to be received 
‘by 24th August 2007, 


Science Careers 
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U.S. Department of Energy 
Associate Director 
Office of Science for 
Biological and Environmental Research 
‘Announcement # SES-SC-HQ-014 (kd) 


‘candidates to lead its Biological and Environmental Research 
(BER) Program. With an annual budget of more than $500 million, the 
BER Program is the nation's leading program devoted to applications of 
biology to bio-energy production and use and to environmental remedi- 
tion. The BER Program supports major research programs in genomics, 
proteomics, systems biology, and environmental remediation. The 
Program is also one of the nation's leading contributors to understanding 
the effects of greenhouse gas emissions, aerosols, and atmospheric 
particulates on global elimate chang. 


The Director of Biological and Environmental Research is responsible 
forall strategic program planning in the BER Program; budget formula 


tion and execution; management of the BER office including a federal 
workforce of more than 30 technical and administrative staff; program 


integration with other Office of Science activities and with the DOE 
technology offices; and interagency integration. The postion is within 
the ranks of the U.S, government's Senior Executive Service (SES); 
members ofthe SES serve in key positions just below the top Presiden- 
tial appointees. For more information on the program please go to http: 
Iwwwse.doc gov/ober! 


For further information about this position and the instructions on bow 
to apply and submit an application, please go tothe following website: 
‘http://jobseareh.usajobs.opm.gov/getjob.asp?JobID» 
VSDM=2007%2D06%2D06+13% 3A44%3 A028 Logo~O& 
SC-HQ-014+(kd)& Fed Emp=N&sortorv&rwed&brd-3876& 9-0 
‘&FedPub=Y&SUBMITL x°47&SUBMITLyI8. To be considered 
for this position you must apply online. It is important that you follow 
the instructions as stated on the announcement SES-SC-HQ-014 (kd) 
located at the website above, 


PURDUE 


UNIVERSITY 


FACULTY POSITIONS IN ECOLOGY, BIOLOGY, and 
‘SOCIAL SCIENCE of NATURAL RESOURCES 


Purdue University seeks to complement existing strengths in ecology, biol 
‘ogy. climate change, and social science by filling 4 tenure-track, academic- 
‘yeat positions atthe rank of Assistant Professor inthe areas of Forest Ecology 
(FE), Ecological lmpacts of Climate Change (EICC), Fisheries Biology (FB), 
and Human Dimensions of Natural Resources (HDNR). Abundant opportuni- 
ties for collaborative and interdisciplinary activities exist within a vibrant 
‘academic atmosphere facilitated by the Purdue Climate Change Research 
‘Center, the Purdue Interdisciplinary Center for Ecological Sustainability, 
the Hardwood Tree Improvement and Regeneration Center, andthe newly 
‘created Discovery Park Center forthe Environment. 

The successful candidates will be expected to teach and develop dynamic, 
‘externally funded research programs within the following focal areas: 

‘+ FE ecological processes in emperate forests, predicting the strength 
and contextdependence of species interactions across multiple scales; 
‘demttying the importance of feedbacks from individual interactions 
to ecosystem dynamics, and linking pattern with process to understand 
species coexistence. 

EICC — impacts of climate change on the ecology of terrestrial and/or 

‘aquatic populations or communities at landscape to global scales. 

FB — applied issues related to the conservation and management of 

aquatic resources 

HDNR ~ critical examination of the human dimensions of forestry, 

fisheries, and/or wildlife with an emphasis on quantitative techniques, 
‘Qualifications: A Ph.D. and evidence of significant research accomplish- 
‘ments. Screening of applications will begin October I forthe FE posit 
and November I forthe EICC, FB, and HDNR positions and continue until 
the positions are filled, Details on application procedures and complete 
‘descriptions of the positions are available at: http:/wwwAarpurdue-edu, 
Please direct questions or inquiries o: mbrown4 a purduc.edu. 

Purdue University isan Equal Accexs/Equal Opportunity Affirmative 
Action Employer fully committed to achieving a diverse workforce. 


Research Scientist 


‘An experienced doctoral level scientist is sought as an active team 
‘member fora reseatch project to identify genes and mechanisms that 

odify susceptibility to prion infection or that are involved in prion rep 
lication. This non-tenure track faculty positon is supported by a NINDS 
Program Project led by George Carlson, Director of McLaughlin 
Research Institute. Emphasis will be placed on exploiting a newly 
developed CNS stem cell culture system that can be infected with 
prions, Interaction with co-investigators at larger research centers in 
Seattle (LE. Hood) and San Francisco (S.B, Prusiner and S.J. De Ar- 
‘mond) is required. Successful appl 

molecular genetics or CNS stem cell biology and will be expected to 
participate in experimental design, data evaluation, laboratory manage- 
‘ment, and preparation of publications and grant applications, as well as 
bench work. Salary is commensurate with experience, 


ts will havea solid background 


McLaughlin Research Institute isa small, non-profit research organiza- 

an front. Opportunites for 
eation abound. Great Falls offers a pleasant environment, 
schools, and low housing costs 


Applications, including names and contact information for three to five 
individuals who may serve as references, should be sent to: 
George A. Carlson, Ph.D. 
Director, Mel Research Institute 
1520 23rd Street South 
Great Falls, MT $9405 


An Equal Opportunity/Affrmative Action Employer 


Featured Employers 


Search ScienceCareers.org for job postings 
from these employers. Listings updated 

three timesa week. 

Abbott Laboratories wwwabbott.com 
‘Amgen woww.amgen.com 

Elan Pharmaceuticals wwww.elan.com/careers 
Genentech www.gene.com 

Invitrogen wwwinvitrogen.com/careers 


Kelly Scientific Resources 
wow kellyscientific.com 

Novartis Institutes for BioMedical Research 
www.nibr.novartis.com 

Pfizer Inc. 

www.pfizer.com 

Philip Morris 
www.cantbeattheexperience.com 

Pioneer Hi-Bred 

www.pioneer.com 


Ifyou would keto be 2 
featured employer, cal 
2005326-6543, 


Science Caree: 


Leading lights 


Diamond Light Source Ltd, jointly funded by the Science and Technology Facilities Council on behalf of the 
UK. government and the Wellcome Trust, is a new world-class synchrotron light facility. Located on the Harwell 
Science and Innovation Campus in South Oxfordshire, which is home to several major research institutions, we will 
host experimental laboratories supporting cutting edge research in all fields of science. An initial compliment of 7 
beamlines has now started user operation and a progressive build up for a further 15 beamlines and additional support 
laboratories is under way. 


Director, Physical Sciences Ret. DIAG 


Salary: negotiable, 5-year fixed-term contract 
‘As a key member of our executive management team you will contribute to the overall management of the company, working closely with 
funding agencies and user communities and providing strategic leadership and organisation in the field of Physical Sciences. 


Developing and managing research programmes in Physical Sciences using synchrotron light over the wide range of possible applications is 
8 challenge that requires an innovative and influential Physical Scienést at the helm, you, a scientist of intemational reputation in ths fied. 
This role will be essential in establishing Diamond as the world-leading centre for the support of fundamental and applied research in the 
UK, using synchrotron radiation. You will bring outstanding leadership skills to the role, together with demonstrable scientilic achievement 
in Physical Sciences, 

The salary will be commensurate with the level of responsibilty, and is negotiable depending on experience. We also offer comprehensive 
benefits and an index-linked pension scheme. 


For arranging an informal discussion about the role please contact the CEO Prof Materlk’s Personal Assistant Ms Karen Habgood on 
01235 78445, 


Ploase visit www.diamond.ac.uk for further information about this vacancy. 
Applications, including a curriculum vitae and the details of two referees, should 


Ideally be sent by post to the Head of HR, Diamond Light Source Ltd, Diamond H 
House, Harwell Science and Innovation Campus, Didcot OX11 ODE or electronic lamon 
versions emailed to hra@diamond.ac.uk 
Closing date: 7th September 2007. 


diamond.ac.uk ‘tamond Light Source Lid, Darond House, Harwel Science and ovaton Campus, idct, Oxbrstre OX11 ODE 


erat pln Grant to Promote Young Scientists’ Independent Research 
DEPARTMENT OF MOLECULAR Tsukuba University, Tsukuba Science City, Japan, invites applications for 15 tenure: 
BIOPHYSICS AND BIOCHEMISTRY track positions supported by its Program to Develop the Next Generation's Faculty, The 
The Department of Molecular Bophysicsand | | | positons have a length of service of 5 years and are open to outstanding young 
Biochemistry at Yale University seeks appli- scientists from around the world in the fields of Basic Medical Sciences, Basic 
cants for a tenure-track faculty appointment Biology, Applied Biochemistry. and Physics. Recommendation of suitable applicants 
he field of Elecon Cryormicrescopy at | | | 18-als0 welcome. For details about the research activity and number and lovel of 
the untenured level. Candidates are expected iscipline's website via the URL 
to conte to the departments etching {| | (Rttp2/hwww.md.tsukuba.ac.jp/basic-med/news/recruitment.html) 
program at the undergraduate and graduate 1. Position: Independent assistant professor or associate professor (tenure-track 
levels, Out department, whichis located in | | | position) 
bo the Faculty of Art and Sciences a tl 2. Starting dato: as soon as possible ater appointment. 
53. Term of appointment: unt March 31, 2012 
4 Terms of employment: 
"Terms of employment are the same as those for Tsukuba University faculy 


id molecular genetics + Start-up funds of about 4 million Japanese yen as well as yearly designated 
shoul ielode a cunt research funds (including technicians’ pay) of about 7 milion Japandse yen. Incentive 
‘asa satemnt of rscach ines tee | | | Compensation dependent on midterm evaluation. independent research space as well 
leer ofeferem and eps or preprints. | | | 88 Use of shared research resources. Experience teaching graduate and undergraduate 
‘Completed applications should be sent to: ‘students under the guidance of a faculty mentor. 
Search Chair ~ "At tho end of the lorm of appointment. candidates who saisty tho criteria for 
Faculty Search Committce promotion and tenure willbe promated fo tenured positions as associate professor or 
Department of Molecular Biophysics full_ professor. 
tnd Blochemistry 5. Elbit for application: Applicants should hold a recent (within the last 10 years), or 
Male University anicipated, Ph.D. 
260 Whitney Avenue 6. Documentation: Email or pos the folowing documents (in Japanese or English) tothe 
P.O, Box 208114 ‘address of the relevant discipline by August 31, 2007: 
New Haven, Conneticut 06520-8114 + Curiculum vitae 
Telephone: (203) 432-8593 {ste publeatons os : 
: + Reprints, copies, or PDF files of § major publications 
Application Deadline: September 1, 2007 Se elle haga: 
Yale a Afrmerive Action Equa + Assummary of rescarch accomplishment (1 Ad page) 
Onmortnits Emploner: Women an members ‘an outine of future esearch plans. (1 0 2 Ad pages) 
Ofunder-represented minority rou ar + Aslatoment of teaching goals at the undergraduato and graduate vols 


especially encouraged to appli * The names and contact information (including email addresses) of 2 referees 
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@ Senior Investigator in 


UniverstrYor CatiFoRNIA Cancer Prevention and Control 

SAN DIEGO Rebecca and John Moores 
MEDICAL CENTER UCSD Cancer Center 
Moores Cavern Cork 

‘The Rebecca and John Moores UCSD Comprehensive Cancer Cente 

sccking a faculty leader for its Cancer Prevention and Control (CP& 

Program (see http:/eancer.uesd.edu). The Comprehensive Cancer Center 

is part of the highly ranked UCSD School of Medicine 


‘The position includes a faculty appointment with tenure in an appropriate 
Department in the School of Medicine. The CP&C program has 1S pesr- 
review-funded principal investigators. The future leader will be expected 
tobe able to develop successful collaborations with cancer center members 
from other Cancer Center programs. The CP&C program houses the lange 
WHEL biological specimens repository. 


‘The Moores UCSD Cancer Center isa matrix center. This faculty position 
will be located in the department within the School of Medicine depart- 
‘ment that best suits the skill of the successful applicant, The position will 
bbe housed in the new Moores Cancer Center building within the 23,000 sf 
‘assigned to population science research, This includes a Clinical Research 
facility and a Healing Foods kitchen which will be available fr use ofthe 
successful candidate, 


‘The position will require a doctorate ina relevant research ill and a track 
record of grant support with quality peer reviewed publications as well as 
‘ther professional recognition of accomplishment. Good collaboration skill, 
teaching experience and a demonstrated ability to coordinate a research 
rogram will be an advantage. Salary wil be commensurate with experience. 
Review of application will begin Juve 30, 2007, and will continue until 

le. Interested applicants should send the curriculum vitae 
to: Dr John P, Pierce, Chair, Cancer Prevention and Control Search 
‘Commitee, Moores UCSD Cancer Center, 385 Health Sciences Drive, 
La Jolla, California 92093-0901; Email: jpplerced uesd.edu 


UCSD is an Equel Opportunity Employer: 


Faculty Position in 
Neuroscience 
Texas A&M University 


FESSOR level, We are interested in outstanding. neuroscientis 
well-funded, internationally recognized research programs. We espe- 


Cially invite applications from researchers who will interact with, and 
enhance, an existing or emerging area in behavioral biology, neural 
plasticity, developmental neurobiology, geneties and functional geniom- 
fes, sensory neurobiology, circadian biology, computational biology, 
and structural biology, 


‘We seck applications frm individuals who willed efforts to strengtben 
inerdisciplinary translational research and training associated with 
Texas A&M University’s Interdiseiplinary Life Science Building (http: 
‘sb tamu.edu), its newly formed Texas insite for Genomic Medicine 
(http:/www.tigm-knoekouts.org), and itsemerging Graduate Program 
in Neuroscience. More information about our department can be found 
at wew.biotamuedu. For full consideration, applicants should send 
a letter of intent, curriculum vitae, statement on rexcarch and teaching. 
and thes leters of recommendation (preferably in electronic form by 
eal) by September 18, 2007 to 
Biology Neuroscience Search Committee 
‘Attn: Mark J. Zoran, Committee Chair 
Department of Biology 
‘Texas A&M University 
3258 TAMU 
College Station, TX 77843-3258 
Email: zoran@ mail biotanu.edu 


Texas A&M University is an Equal Opportunity Employer and has a 
policy of being responsive to the needs of dual-career couples. 


Dave Jensen 
Industry 
Recruiter 


Science 
Careers 
Forum 


* How can you write a resume that 
stands out in a crowd? 

* What do you need to transition from 
academia to industry? 

* Should you do a postdocin academia 
orin industry? 


Let ScienceCareers.org help you answer 
these questions. ScienceCareers.org has 
partnered with moderator Dave Jensen 
and four well-respected advisers who, 
along with your peers, will field career 
related questions. 


Visit ScienceCareers.org and 
start an online dialogue. 


ScienceCareers.or; 


What will it take to remain 
a pharma leader five years 
from now? 


Answe 


Eli Lilly and Company impacts lives by 
delivering answers to some of the 
world’s toughest health care 
questions, And through continuing to 
invest in cutting-edge drug research 
activities, Lilly will remain an 
influential pharmaceutical presence 


Lilly has recently announced a $150 
million investment within the Lilly 
Singapore Center for Drug Discovery 
[LSCDI. Located within Biopotis 
Singapore, a biomedical complex 
housing government agencies, 
publicly funded research institutes, 
and pharmaceutical and 
biotechnological research labs, this 
expansion will include the Integrative 
Computational Sciences group 
focused on taking Lilly’s Integrative 
Informatics program forward. 
Working closely with peers in Europe 
and Indianapolis, IN, the ICS group 
will be a multidiscipiinary team 
developing methods and tools to 
‘manage, fuse, and integrate 
heterogeneous datasets in support of 
drug discovery, translational 
research, and tailored therapeutics 
elforts worldwide. Specific available 
roles include 


+= Director, Integrative Computational 
Sciences (ICS) 

++ Associate Director, Informatics 

‘Informatics Scientists. 

+ Scientific Software Engineers 


Learn more about these roles and the 
Lilly Singapore facility by visiting 
www.lscdd.illy.com.sg 


Today and in the future, Lilly will 
provide Answers That Matter.” Eli 
Lilly and Company is an equal 
opportunity employer. 


www.lsedd.illy.com.sg, 


U.S. Department of Energy 
Office of Science 
Deputy for Programs 
Announcement #SES-SC-HQ-013 (kd) 


‘The US, Department of Energy's (DOE) Office of Science is socking highly qualified candidates 
\with outstanding scientific achievements to fill the Deputy for Programs position. The Office of 
Scicnce isthe single langest supporter of basic research inthe physical sciences in the United States, 
with 2 2007 budget of $3.8 billion. It oversces the Nation's research programs in high-energy and 
nuclear physies, basic and fusion energy sciences, and biological, environmental and computational 
sciences The Office of Science is the Federal Govermment’s largest single funder of materials 
and chemical sciences, and it supports unique and vital parts of U:S. research in climate change, 
geophysics, genomics, life sciences, and science education. The Office of Science also m: 
world-class laboratories and oversces the construction and operation of some of the Nat 
advanced R&:D user facilites, located at national laboratories and universities. These include particle 
and nuclear physics accelerators, synchrotron light sources, nanoscale science research centers, 
neutron scattering facilities, bio-energy research centers, supercomputers and high-speed computer 
networks. More information on the Office of Science can be found at htp://sclence.doe.gov 


‘The Deputy for Programs provides scientific and management oversight ofthe six program offices 
by ensuring program activities ae strategically conceived and executed; formulating and defend- 
the Office of Science budget request; establishing policies, plans, and procedures related to 

of the program offices; ensuring the research portfolio is integrated across the 
cs with other DOE program offices and other Federal agencies; and representing the 
‘organization and make commitments forthe Department in discussions ann! meetings with high-level 
goverment and private sector officials. The position is within the ranks of the U.S. government's 
Senior Exccutive Service (SES); members of the SES serve in key positions just below the top 
Presidential appo 


To apply for this position, please sex the announcement and application instructions at ttp:// 
jobsearch.usajobs.opm.gov/ses.asp under the vacancy announcement of #SES-SC-HQ-O13 (kd), 
‘Qualified candidates are asked to submit thei online applications by August 29, 2007, 


Postdoctoral Fellowships in Cell and Molecular Biology 
Fellowships forthe National Research Service Award Program of the National Institute of Diabetes and Digestive 
Kidnay Ozeases (NIDDK), Nationa institutes of Health (NH) at Stony Brook University, are avalable 

incol and molecuar biology of metabolic diseass for candidates with Ph.D., Sc. MLD. or equivalont 

(within five yoars of PhD. for non-clinical applicants). Stipend loves are compatit—e. This institutional 
‘Postdoctoral training program is interdacipinay.interdepartment), ad interinstitutiona by design, supported 
‘by regional interaction with Brookhaven Nationa Laboratory and Cold Spring Harbor Laboratory. The program 
‘benafits from 25+ NIH-supportd trainers with state-of-the-art research programs in areas of col signaling 
relevant to dabotes, endocrine, and metabolic dioases, 

(Current research/mentor opportunities include: 

Wadie Bahou: Proteases and endothelial cel pathology, Deborah Brown: Lipids rafts and caveola; Weiliam 
(Chen: Boengineoring of bioactive wound healing matrices; Richard Clark: Svuctur-function of non-enaymatc 
teated fibronectin that adversoyatfoct coll migration; Ira Coben: Molcular and collar cardiovascular 
‘esearch, Howard Crawlord: Matrix motalopotenases in pancreatic cancer, Michael Frohman: 
Phospholipase 0 and membrane vescuarvaffcting: Bruce Futeher: Microarray analysis of anscrptonal 
control in yeast: Marie Gelate: Pathogenesis ofthe insulin resistance and hyperipidomia in HV disease; 
Robert Haltiwanger: 0-)ycosyaton and Notch function. Jamie Konapka G protein-coupled rocoptos 

Signaling in yeast: Irwin Kurland: Hepatic insulin action and rte ofthe pentose shunt; Wiliam Lennarz: 
Congenital disorders of gycosyation in hunans; Richard Lin: G protein signaling and insulin sistance; 

(Craig Malbon: GPCRs, scaffold proteins, and Wt Fried sgnaling: Mirjana Maletic-Savatic: Noval stom 
call ate ad function; biomarkers of human neurological disorders; Start McLaughlin: Biophysics of signal 
vvarsduetion. Margaret MeNurlan:insu'n acton n muscle, Todd Miller: Signa! ansducton by tyrosine 
‘Gnases, Yingtian Pan: Cystascopic optical coherence tomography in human disease; Jetfrey Pessin: insulin 
‘Signaling and regulation of glucosa transport Nicole Sampson: Biosythesis of strids in inate defense 
‘mechanisms; Suzanne Scarlata: Activation of PLC by G proteins, Steve Smith: Structural studies of membrane 
channeis and receptors, Ken Takemaru: Foie of beta-catenin antagonist Chibby in atherosclerosis; Fayanne 
‘Thorngate: Apolipoprotein E,atherscleross, and signaling: Stella Tsirka: Neuronal-nicrogia interaction in 
the mammafan brain, Hsien-yu Wang: G proteins and development. 

(nly US. ctzons © permanent residents (within five years of Ph.D. or non-cnical applicants) are 
lige for these NH-supported fellowships. 

Applicants should send a C.V. brief letter of research interest, and names of three reference: 


De Craig. Malton Oircto- DMDRC, Pramacolgy, Sony Brok Univesity 
SUNY, Stony Brook, NY 11794-8851 Ss [TQQNY 


Fax (631) 444-7696. For mae information orto apply online vst 
ww stombrcok edu/cio 
Equa Opporuney/Atfenaive Retin Employer 
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From life on Mars 


to life sciences y 


For careers in science, 
turn to Science 


If you want your career to skyrocket, visit Science 
Careers. We know science. We are committed to 
helping you find the right job, and to delivering the 
useful advice you need. Our knowledge is firmly 
founded on the expertise of Science, the premier 
scientific journal, and the long experience of AAAS 
in advancing science around the world. Science 
Careers is the natural selection. 


www.ScienceCareers.org 


Features include: 


* Thousands of job postings 
* Career advice 

* Grant information 

* Resume/CV Database 

* Career Forum 


Science Careers 


| From the journal Science — BAYAAAS 


~& Guava Technologies 


Guava Technologies. Inc. develops, 
manufactures and markets unique, 
high-impact cellular analysis systems 
for the life science research market- 
place, Guava’s patented technology 
has revolutionized the way scientists 
perform cell-based analysis. We 
true sales professionals 
proven trick record in selling 
capital equipment to the life science 
marketplace for ea 
Sales Manager positions l 
following territories: 


+ NCIRTP 


+ Metro NYC/NI 
+ Southern NJ, Easter PA 


To apply, email your resume to: 
careers @ guavatechnologies.com 
or fax to HR at $10-876-1800, No 
recruiters, please! 


We are an EEO Employer 


Do what 
you love. 


Love what 
you do. 


wwwsciencecareers.org 


Science Careers 


From the joumal Science 


DIRECTOR 
Department of Animal Care and Technologies 


ASU is part of very fast growing biomedical movement in Phoenix that secks to 
link baste scientists at the university with clinical scientists and clinicians in the 
surrounding hospitals and medical institutions. These linkages have resulted in new 
research ventures, and new education programs including a new medical school 
curriculum, a product of the Arizona College of Medicine-Phoenis, in partnership 
With Arizona State University. Animal research will play a key role in these research 
and education developments, and in the enhancement of bioscience and biotechnolo 

in this fast growing state. The Department of Animal Care and Technologies at 
ASU occupies, ope and manages a total of 72,000 square feet of animal use 
facilities, provides care to 25 different species, and currently serves 74 investigators 
with multiple active protocols. 


JOB DESCRIPTION: Under administrative direction, the Director performs work 
of considerable responsibility in planning. directing and controlling the Department 
of Animal Care and Technologies in facilitating animal research and assuring eom- 
pliance with all current federal, state and university animal welfare regulations. The 
Director reports to the Associate Vice President for Research Administration, 


DUTIES AND RESPONSIB: Directs animal procurement, use and hus- 

and use. Collaborates with 
support services, and instructional infrastructure 
for contemporary biomedical science. Ensures compliance with university policy 
and governmental animal welfare regulations for continued AAALAC Intemational 
accreditation. Supervises animal care personnel, Provides fiscal program management 
including preparation of the annual budget and maintenance of the cost recovery pro- 
gram, Leads the development of new animal facilities and renovation’ improvements 
ofexisting animal facilities. Develops funding proposals to private, state and federal 
agencies to support upkeep, modemization and expansion of animal care facilities. 


DESIRED QUALIFICATIONS: Demonstrated experience of: ement prin. 
ciples and techniques includi ing with person 
and procedures. Demonstrated experience in: grant funding; governmental regu 
tions and contemporary practices in animal care: developing 
ditional animal models used 
in biomedical research, species. Ability to communicate and 
implen lation. Effective written 
and oral communic 
MINIMUM QUALIFICATIONS: Doctoral (Ph.D. or DVM) degree in a relevant 
\d five years of experience in animal research, including three years of 
udministrative’supervisory capacity of an academic or research 
institute animal care program; OR, Any equivalent combination of education and) 
or experience from which comparable knowledge, skills and abilities have been 
achieved 
GENERAL INFORMATION: The Director of the Animal Care and Technologies 
program serves as a voting member of the University Institutional Animal Care 
and Use Committee (ACUC) and works closely with the Chair for that commit 
tee, the University Veterinarian, and the animal use advisory commit ard 
ing animal procurement, use and husbandry. The Director works closely with the 
university administration including department chairs, deans and center directors 
The Director should be visionary and play a strong role in helping implement the 
design imperatives of the New American University model www.asu.edu/president 
newamericanuniversity 
TO APPLY: Submit (1) a cover letter, (2) a resume or curriculum vitae, (3) a state 
ment of professional vision, and (4) the names, addresses, phone numbers and email 
addresses of 3 professional references. Please be sure that applications include all 
requested information: Arizona State University, Office of the Vice President 
for Research and Economic Affairs, Box 872703, Tempe, AZ 85287-2703. Close 
date: September 15, 2007. 
Arizona State University is an Affirmative Action 
Equal Opportunity Employer and Educator: 


Science Careers 


EVOLUTION OF BRAIN, BEHAVIOUR & INTELLIGENCE 
12 - 14 SEPTEMBER 2007 


This meeting brings together scientists from different disciplines. 
studying the evolution of brain and cognition in humans and ar evolution, Human brain molecular evolution, 
0 of brain/CNS development, Evolution of cogni- 
tion, Comparative cognition, Evolution of psychiatric dis- 


orders 


other animals. 


Abstract and registration deadline 02 August 2007 
To Register please visit www.wellcome.ac.uk/conferences 


The Welcome Tut Coteronce Care is peat trove two compares: Hraton Hat Lita chayregstre in Elan ro 1088008 and acon 
tego England ro. 3052160) anc Welcome Tut Yacing Limited, non hortaba company registered mn Ergon io, 3227027, corked by te Wol- 
Come Trust. The regtored offices of Both companes aw at 215 Euston Road, London NW 


CONFERENCE 


The Geological Society of L 


entennial Conference 


10-12 September 2007 
n Elizabeth LH Con! Centre, 
Westminster, London 


inal conference will run 


these affeet key environmental issues, 
natural hazards, elimate 


present and future, inel 


change, energy and water # 


XX INTERNATIONAL CONGRESS 


OF GENETICS, BERLIN, 2008 


BERLIN, GERMANY, JULY 12 — 17, 2008 


GENETICS — 
UNDERSTANDING 
LIVING SYSTEMS 


Registration NOW open 


Abstract Submission Deadline 
January 15, 2008 


Deadline for Early Registration Fee 
January 15, 2008 


Early Exhibitor Deadline 
January 18, 2008 


International Genetics Federation (IGF) 


Genetics reveals the structure, function 
and evolution of living systems. 


Genomics revolutionized genetic research. Now, complete annotated genome 
‘sequences are available for the human, our closest relative, the chimpanzee, and 
for many other model organisms. Multiple genomes have been compared and 
scrutinized for past and ongoing processes of variation, adaptation and speciation, 
Traces of the foregoing RNA world show it to be far more influential than previously 
suspected. Comprehensive maps of genome variation and polymorphism paint a 
rich picture of our population and evolutionary history and illustrate new strategies 
that will explain genatic, epigenetic and environmental contributions to disease risk, 
Transcriptomes comprehensively documenting gene expression and proteomic 
data sets are being built into functional networks and systems. Bioinformatics and 
modeling of genomic data attempt to predict and explain the functional architecture 
‘of genomes across the diversity of organisms. 


The Congress in Berlin will present the latest genetic and genomic insights in ten 
plenary lectures and 54 concurrent symposia, 280 of the world's most prominent 
geneticists will speak. 


For more information on the scientific program and associated activities, please visit 
http://www.geneticsberlin2008.com 


Scientific Topics: 
(election) 
» Ageing and longevity » Human evolution 
» Biodversity » Human genetics and human disease 
» Clocks and rhythms »Metagenomics 
» Computational genetics and systems biology » Neurogenetics 
»Develooment of maiticelllar organisms » RNA workd 
» Epigenetics and chromatin »Stem cells 
» Evolutionary genomics, adaptation, speciation _» Synthetic biology 
Congress President: Congress Secretary General: 
uci Baling (21 Braurschwe'g, Germany) Aired Norcheim (Tuebingen University, Germany) 
Co-Chairs International Program Committee: Plenary Lecturers: 
(Ghates Langley (UCDavs, USA) (confirmed) 
ud! Baling 21 Braurschweg, Germany) Richard Ave 
Elzabeth Blackbum 
Honorary Presidents: ust Jaenisch 
udoif Jaenisch Eric Lander 
ristane Nisseein-Vohara Svante Pato 
Tomoko Oth Philip Sharp 


coe nature. 


PRIZES 


Novartis is delighted to congratulate the winners of the 


2007 Novartis Ime 


The prizes are awarded for outstanding achievements to the understandi 
discoveries that lead to therapeutic applications in such fields as transplantation, haemaropoiesis, cancer immunology, 
munity to infectious diseases, rheumatology, dermatology and asthma, 


Basic Immunology Prize 
Dr. Frederick W. Alt and Dr. Klaus Rajewsky, Harvard Medical School, Boston, USA and 

Dr. Fritz Melchers, Biozentrum, Basel, Switzerland, for their discovery of novel and fundamental 

mechanisms of B lymphocyte physiology at the genetic, developmental and cell-receptor levels. 


Clinical Immunology Prize 
Dr.John T.Schiler and Dr. Lowry, National Institutes of Health, Bethesda, Marland, USA 
} and Dr. lan H. Frazer, University of Queensland, Australia, for their discoveries that enabled 
the development of tbe haman poploma virus vacin 
AES The 2007 Novartis Immunology Prizes will be awarded at the 
Xlllth International Congress of Immunology in Rio de Janeiro on 
23 August 2007, 
Reviews by the Novartis Prize Awardees wil be published inthe European Journal of nmunology 
Jury: Andrew MeMichael (Chae, Jean Francois Bach, Max D. Coop 
Task Honjo, Philippa Marack, Randall Mores, Hidde Ploegh, ! 


NOVARTIS 


David H. Sachs, Jan de Vries, 


INFERENCE 


IENTIFIC CONFERENCES, 


FUNCTIONAL GENOMICS & SYSTEMS BIOLOGY 
10 - 14 OCTOBER 2007 Topics Include 


Transcriptome and proteome analysis, RNAi and mutagene- 
Anew Wellcome Trust/Cold Spring Harbor Laboratory Conference 10 i eeae iat 

sis studies, Single cell level analysis, Gene regulation 
to be held at the Wellcome Trust Conference Gentre on the Wellcome: ie Ns 


rks and pathway analysis, New high throughput 
Trust Genome Campus, Hinxton, Cambridge, UK 
technologies and their applications, Computational data 
Abstract and registration deadline 10 August 2007 analysis, interpretation and resourses, Cell and molecular 
To Register please visit www.wellcome.ac.uk/conferences level simulations, Func! os of disease. 


The Welcome Trust Conference Centre is operates ttrough two companies: Hinxton Hal Limited. 2 chatty registered in England (no. 1048066) and a company 
registered in England (po. 3062160; and Welcome Trust Tracing Lanated. a non-chartable company registred in Engiand (ho. 3227027), controled by the Wal- 
Come Trust. The regstered offces of bth companies ae at 215 Euston Road. London NWT 2B, UK. 


Eukaryotic mRNA Processing 


De Tim 


Mechanisms of Eukaryotic Transcription 


Eukaryotic DNA Replication 


Microbial Pathogenesis 
and Host Response 


Cell D 


—— 


Cold Spring Harbor 


ngs 


Drosophila 


Clinical Cardiova lar Ge 


omics 


Informatics 


Vivo Barriers to Gene Delive 


Molecular & unological Approaches 
to Vaccine Design 


York http://meetings.cshl.edu 
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POSITIONS OPEN 


ASSISTANT/ ASSOCIATE /FULL PROFESSOR 
(lahalation Toxicology and 
Cardiology /Tenure-Track) 

Comparative Biomedical Sciences 
Biomedical Department with a welh quipped in 
halation rescarch cliy sccks a FACULTY person 
ininhaladon txicology aod cantiniogy. Require ea 
ications: Ph.D. or equivalent degree tn biologtal/ 
biomedical scence or related ek poutdocoral ex 
perience; sca background in inhalation tency 

En cnology significant camara fring, ty 0 

‘each in profesional and gasuate program. Respon 

‘kes! maintains an extramural fared research 

ran ones th rite ah prof 

Tprogram; expands collabora sa 

research Bit. Salary and rank wil be 

fate with qualidations, Aw aftr of employment is 

Contingent on saifactory preenpleymant back 


rund check, Application deadline is August 24, 


2007, oF unui candidate is selected, 
Submit letter of application and resume (including 
‘e-mail address) 

«Dec Arthue Penn 
Department of Comparative Biomedical Sciences 
‘School of Veterinary Medicine 
Louisiana State University 
‘Reference: #027599 
Baton Rouge, LA 70803 
‘Telephone: 225-578-9889 
E-mail! apenn@vetmed.su.cdu 
{LSU isan Eigual Opportunity Equal sen Employer 


LABORATORY MANAGER (Job Number 38464) 
Lasce Ablation: Inductively Coupled Plasma Mass 
Spectrometry Arizona LaserChron Center 

The University of Arizona seeks a highly mot 
sated scientist to serve as Manager of the Arizona 
LaserChron Center, which is am 
that focuses on U-Th Pb  geoxhre 
ablason-maliclletor inductively 
tnass spectrometry (ICPMS). Responsibilities would 
include’ (1) directing instalation of a new mult 
colletor ICDMS and Excimer laser, (2) developing 
ness analytical techniques and applications using a 
‘exiting mulkicollector TCPMS {CVI Isopeabe) and 
Esai (DUVI98), (3) performing. min 
maintenance and overseeing majoe repays of these 
instrument, (4) supervising vss of research sen 
tists, andl (5) conducting independent research. The 
postion is filk-dime and permanent. Applicants 
Should have a ALS. or Ph.D. in earth sence or 
Chemisty, and have demonstrated experience ith 
ICPMS instrumentation. Applications vil be reviewed 
beginning 1 Augst 2007, and will continue unl the 
ppenition fy fill Applications shoukl be submitted at 
Website: husps://ww:uacarcertrck.com for job 

umber 88404. For adchonal information, plea vst 
the Arana’ LaerClron Center website: hetpe// 
‘www geo.arizona.edu/ale and contact George 
G ails _ggchrels@e-maibarizona.edu) or 
Joaquin Rute (emails jruis@e-mallarizona.cds). 
The Unie of Anco a pd Opry, Aion 
Acton Ont 


FACULTY 
Geological, Environmental, and Marine Sciences 
Rider Univenity’s Geological, Environmental, and 
Marine Sciences Department invites applications fora 
tenure-track faculty ponition at the rank of ASSIST- 
ANT or ASSOCIATE PROFESSOR, commensi~ 
rate with experience and research eredentials, beginning. 
rember 2008. Preferred arcas of specialization 
‘could incide, but arc not limited to, atmospheric? 
‘imatologic sciences, Huval/lscustrine processes, oF 
‘marine/estarine environments. 

For more information on this position and for 
application instructions, please visit our websit 
intip://www.rider.edu hr, employment oppor 
nities, position #208102, Affinaaive Anon Epusl 
OpportunyEnployer. 


552 


DsITIO} 


University of 
Massachusetts 
UMASS Medical Schoo! 
POSTDOCTORAL POSITION 

‘Small Animal Imaging and Biomarker Development 

The Univeniry of Massachusetts Mcdical Schoo! 
hasan immediate opening fora Postdoctoral Scentist 
‘with interest and apne in small animal inaging to 
Sesume daily reponsbiity fora micoPET/SPECT/ 
‘CT and an opteal camera. As a member of the Labs 
foratory for Biomarker Development, the aieesful 
‘anil oa mula cam pha 
ing bench an bedi recarch in molecular imaging 
fof cancer, infections, and other diseacs and wil be 
fncouraged to conduct independent research. Pec 
Crosse Wal be pesto tices akc o oeerere a 
“splines useful inthe development of buomarkers 
Sachse rathopharmaocurial and fluorescent che 
{uy The Laboratory swell faded through multivear 
NIH grants Salas will be consistent with NIH 
idles 

Pleat respond with resume, names, andl addresses 
of three references and a short statement of carcct 
gouk to" D, J. Hnatowich, Ph.Ds. Professor, 
Nuclear Medkine, Department ‘of Radiology. 
University of Massachusetts Medical Schoo!, 
Worcester, MA 01685, Email donalddinatowich® 
umasimed.eda. 


MICROBIOLOGY FACULTY POSITIONS 
The Department of Lmmunology/Microbiology 
at Rush University Medical Center seeks two oat 
Standing. investigators for tenure-track positions at 
the ASSISTANT or ASSOCIATE PROFESSOR 
levels. The successful applicants will be expected t0 
develop strong independent research programs in 
microbial of viral pathogenesis and to participate in 
both medal and graduate student teaching. The 
Department currently has strong rescarch programs 
in the areas of innate immunity and molecular vi 
ology and pathogenesis, Applicants must have a 
Ph.D., DSc. or M.D. degree with postdoctoral ex 
erence anda gualty pkation record, Compe 
tive salary and startup funds are available, Appbcants 
at the Assodate Profesor level should have a record 
‘of substantial productivity and sustained extra 
‘mural funding. Please submit curriculum vitac, a 
‘two-page summary of research interests, and the 
names of three references electronically to: Sonia 
goa, Imaunology/Microbiology Search Com 
mittee, Rush University Medical Center, 1735 
‘West Harrison Street, Chicago, IL 60612. E-mai 
sonia raigozat@rush.eds. Rot Uneynity Medal Con 
ter an Equal Oppornty/Affomative Aion Lampe. 


POSTDOCTORAL. 
RESEARCH FELLOWSHIPS 

Emory Chemical Biology Discovery Center 

We are looking for bright, independent, energetic 
Postdoctoral scientists a ll [vels to join our team 
‘biomedical investigators, synthetic chemists, and 
cheminformatists, who’ work together to. create 
rowel small organic molecules that target disease 
related proteins and processes. Successful candidates 
‘will lam how to form bridges between base research 
and early stags therapeutic development. Background 
in biochemistry, pharmacology, cell physiology, or 
cellular imaging, an advanced degree, excellent 
writing and communication skills, nd a track record 
(Of publications are essential. Send a letter of intent, 
‘curriculum vitae, PDFs of to more than three papers, 
fand names and contact information of three afer 
‘enccs to Haian Fu ce Ray Dingledine at email: 
discorry@pharmcmorzada t thy Department of 
Pharmacology, Emory University School of Medi- 
cine, 1510 Clifton Road, Adanta, GA 30322. 
Aerie Azim/Espul Qppomeniy Employer 


POSITIONS OPEN 


"TENURE-TRACK FACULTY POSITION 
Department of Peiatrics/Center for Molecular 
Medicine and Genetics 

Wayne State Univesity School of Medicine 
A. eauretnck position for en outstanding 
PHYSICIAN SCIENTIST (MD. or D-H. 
Acgree) ar the ASSISTANT, ASSOCIATE, or 
FULL PROFESSOR leh i oealable as a pn 
Sppslbcecar berwech the Department of Petes 
Se and the Cooter for Molcular Meaicne and 
Genctiss Qvebsteshttp://wwwgenetionwayne. 
cu). The appointee "would be housed Inthe 
Teboratos ofthe Center, which recently unde. 
tent a $20 mdlion rnorattin of ks Laboratory and 
ore ranch faites, The candidate would finan 
Seine fcuk condacting base and’ wandational 
fescarch, An scracive sterup pastoge is srlble 

The Deparanent of edits hosed in the 2 
thed Children's Hospital of Michigan. (websit 
hetp://chmkidscorg) and inchwdes’ 170 faculty, 
100 vedents, and 80 fellows, There are alo sp 
nian clinica rch cpportuntics thro he 

Gg Rec Con an (ba 
cp// were ed. wayne, ‘eh oi 
Fermi anages 364 maton iT King, We are 
feculing o candidate who has areas of ngoi 
fenach ty candasenal geoctcs oF genomes, ee 
‘dading inbom errs of tetaboam, mitochon 
sorters, or teament of genctic sorter. The 
Divnon of Genetic and Metsbaie Diodes hin 
the Department of Pedates responsible for the 
management of all pairs dlagnowed wth a 
thom error of metabolism in the sare of Michigan, 
cofring an opportunity to develop novel treatment 
fr research provocol for these pasienes Thee are 
ire opportuniis for collaboration and exce 
ortunies to devclop tatlational research 


tutions, Wayne State University is Michigan's only 


research unveny hated ina urban sting Ap 
ications wil be reviewed upon recipe and ec 
Eentinoed nl the postion has Been Med 


“Applications should include a letter of application, 
‘curriculum vitae, and the names and addresses of at 
Icy three vefrences and be sent to: Ma, Mary Anne 
Houscy, Center for Molecular Medicine and Ge- 
netics, Wayne State University School of Medicine, 
Room 3127 Scott Hall, §40 E. Canfield Avenue, 
Daa, MI 4801 ry ema mousy ee. 

TSU, an Equa Oppouny/Amatie Asn Lite 


CALL for POSTDOCTORAL FELLOWSHIP 
‘APPLICATIONS 
‘Cornea de Lange Syndrome Foundation, U.S.A. 
The Gomcha de Lange Syndrome (CALS) F 
dation announces a Rotdoctol Fellowship sp 
po ha or chil reaarch on CALS wo sat Il 
2008, CALS cain by ence changes acting. 
the NIPBL, Simcl oF Sc porcine involved ins 
chtomaisd cohesion, gene expres, and DNA 
repair. The Fellowship’ prone S60,000/year for 
two year to cover sy benef for a esearch 
wh i ret do ot ere 
track fy positon, Appicons cn toni ra 
from mokesubrRietiom of the ster cematd 
hen appara in oul organs to theraptic 
trestcatt or CALS willbe consid, The Flow wil 
present shee werk at the CALS Foundations mi 
Sn mecings 
For details and requirements, go to. websi 
http://www.cdlsusa.org/rescarch/index.shtml, 
Applications ae dae November 15, 2007, 


POSTDOCTORAL POSITION at the Univer 
sity of Montana, MOLECULAR. BIOCHEMIST 
to study transcription-induced hypermutation. in 
human cell lines, Experts in genetic engineering, 
and cell culture techniques required, Position avail 
fable this August, Send curriculum vitae to e-mai 
bbarbara.wright@mso.umt.edu. Ajfomsne Ao /Epu 
Opporeinty Employer 


27 JULY 2007 VOL317 SCIENCE wwwsciencecareers.org 


POSITIONS i 


RESEARCH MOLECULAR BIOLOGIST 
United States Department of Agriculture (USDA) 
“Agricultural Research Service (ARS) 

The Easter Regional Research Center (ERR), 
‘Agricultural Research Service (ARS) has a challeng 
ing position avalable for a temporary POSTDOC- 
TTORAL fulltime MOLECULAR BIOLOGIST. 
The individual wil seve a8 a sciente in the pres 
‘igious Microbial Foo! Safeyy Research Unit, which 
is Tocited on an attractive 27-acre campus jst out 
skle of Philadelphia, in Wyndmoor, Montgomery 
County, Pennsvania. Employees enjoy a flexible 
work icheaiule and have acess to public transports 
Bon Resch fics ine opiate and 
well-equipped laboratorcs, pilot plants, a computer 
tian brary. The scents wl be response for 
Conducting research aimed at Kentfying molesulae 
markers for hig phase duration (LPD), thas leading 
to more mechanistic models and greater certainty 
predicting the LED of foodborne pathogens directly 
In foods, Candidates must have knowledge of 
molecular biology, food ‘simpling methodol 
Statstal methods, and computer techniques, Plene 
tee the falowing webite concerning eitzesbipre- 
Itwireménes Website: beeps/ /wwow al. ars.0sd. 
fov./hed jobs/sisa/countries htm. Salary con 

ith eaperience, GS-11: $85,829 

information on the poston, contact 
De, John B, Luchansky 3¢ telephone: 215-233- 
6630 john.luchansky@ars.usda.goy or 
De, Viay K. Jung at telephone: 215-233-0500, 
‘email way juneja@arssusda.gov. Hor more detailed 
{Information on announcement number RA-O7 
(O461. vise website: https /www.ars.usda. gow on 

net, USDA iat gual Opporty oie ad 


(COLUMBIA UNIVERSITY MEDICAL CENTER 
Pathology 
A position at the level of ASSOCIATE RE- 
SEARCH SCIENTIST js avilable immediately to 
investigate the cellular biology of infection of cells by 
varicella zoster vius (VZV) and the role of serotonin 
in the development and function of enteric nes 
The Laboratory maintains thrce 
‘on the enteric 
studies in which enteric neurons 
edt investigate VZV entry, latency, and 
reactivation, the projects study the development of 
the ENS and the molecular andl cellular mechanisms 
that underlie its control of gastrointestinal behavior 
A Doctorate background with molecular and cellular 
biology techniques is required. Work will include 
cell andl organ culture, gene teansfer, in sits hybeid 
‘vation, quantitative PCR analyses, imimunexytocher 
istry and microscopic imaging. Evidence sho 
presented of prior econ 
Supervise the work of others. Send curriculum 
to: Dr. M. Gershon, Columbia University Medical 
Center; 630 West 168th Street, MC #32; New 
York, NY 10032. 
shania Univoity tes Aina Aion a Ep 
Linglyoere Qype 


The University of Hawaii's (UH) John A. Burns 
School of Medicine is recruiting fortwo full-time, 
TENURE-TRACK POSITIONS in pharmavolo 
gy and physiology. For a fall description of the 
Pharmacology position, please Visit the Work at 
Uit "website: http://workatub.hawaiiedu/ 
‘200m job.php?7678. For inguires onthe phat 
macelogy postion, lease contact the Search Com- 
mittee Chair, Dr. Vivek R Nerurkar, telephone: 
808-692-1665 or email: pharma@hawait-eds. 
For a fall description of the pbisiologs postion 
(A851), plese vist the Work at UH webs 
hhup://workatub.hawaiiey/2oom job-php4649, 
or inquires on the physiology position, plese 
contact Dr. Steve Ward, telephone: 808-936°5189 
Dr e-mail: wward@hawai-eda. 
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ASSISTANT PROFESSOR/ASSISTANT 
SCIENTIST or ASSOCIATE PROFESSOR/ 
ASSOCIATE SCIENTIST, Plant Science, Wash 
ington State University, Institute of Biological 
(Chemistry. Applications are init for 3 fall mc, 
permanent, amemonth, tenurearadk (25 percent 
Reader Programs, 73 percent Agricultural Re 
Search Center) position to begin tn 2008 a the 
Pullman, Washington campus, Appicants must have 
2 PhD. or equivecat as well as east one year of 
pomdoctarl ‘spermnce by star date. Canvianes 
Shou demonstrate quality and quantity of research 
$ccomplished in a fundamental arta of moxcrn plant 
Sience;eapertne in using brochemscal, trophy eal, 
fe sraturl blogy approaches to investigate ba 
logical problems, + coherent recarch plan that in 
Conporafs these approaches, and excellent oral and 
‘erten commoniaton skill: At Awodatc level there 
must bea record of mentoring skis demonsabon 
of abilry to estaba an indopendenerescarch pro 
fpam, and an merging rotinal and inecrnabonal 
The candidate will sho be expected 0 
aching graduate vel cours i an 
npn tology, Thc Ente (webu: 
Jove ibeswst.edi/) provides 4 supportive 
‘earch crvironmcot with mote than 120 seen, 
xcellet equipment and fais, and ready acest 
to spodalzed technigucs in biochemistry, cell bok 
‘gy proteomics, metabolomic And genomics. For 
tore tis soc webu: hep:/ ors? 
“mployment/FAPvacancis-ap (search, #4758) 
Gindancs shoul sat corneum sitac. 3s 
‘of rocarc ere, and decries of fre 
rescich plans as 2 PDF le to ema millerhm@® 
frmeda, In addon, applicants should smange for 
thes ters of reference, prefer a8 PDF fn, to be 
Sent tor Dr. Michact Kahn, Ssarch Commitee 
Chair, Itza of Bislopieal Chemistry, Washing 
fon State Univenity, P.O. Box 646340, Pullman 
WA 99164-6340 ( 
mailer 
Of applications wil gin Sepeember 15, 2007. pul 
{mpm Operety Aimatne Aen/ADA 


POSTDOCTORAL POSITIONS 
Bacterial Pathogenesis 

TTwo positions availabe immediately. One i to it 
sestigate immune cell interactions with pathogenic 
bacteria, with focus on intracellular traficking. and 
sensing ‘by macrophages. and dendritic cells. The 
second is to investigate the mechanisms underlying 
cellular interactions by bacterial toxins, with focus 
‘on mechanisms underlying toxin binding, entry, and 
inteacelhilae traficking. Experince 
Iwology oe biochem 
etic of immunology desired. To sb 
application (curriculum vitac, statement of research 
interests, and names of thice references), please 
‘contact Dr. Steven Blanke, Department of Mi 
biology, University of Illinois, Urbana, Hino’ 


POSTDOCTORAL POSITIONS available in 
mediately at the Universi of Rochester to inves 
fate molecular mechanisms in acute myelo 
Keukemia and myclodyoplasie syndrome wang the 
mouse a6 a model syst. Our Laboratory foes on 
the zinc inger oncoprotcin EVIL, ad has developed 
Sumber of genctic moxcs to incite ks ance 
Please send coniculum vitae and names of three 
ferences to Archibald 5, Perkins, MD., Ph.D, 

f archibald perkins urme.rochester.cd 


HARVARD MEDICAL SCHOOL 
POSTDOCTORAL POSITIONS to study the 
role of heat shock proteins in cancer and immu 
nology. Requirements: Ph.D. or MLD., expertise in 
‘transenptional regulation, immunology, or cancer 
research. Contact Dr. Stuart Calderwood, Beth 
Isreal Deaconess Medical Center, Harvard Med- 
jeal School, telephone: 617-632-0628; e-mail: 
Calderwood stuart@ gmail.com. 


POSITIONS O} 


‘The BROOKDALE UNIVERSITY HOSPITAL, 


Di " 
Affiliate of the State University of New York, 
Health Sciences at Downstate 

We are sccking an ASSOCIATE RESEARCH 
SCIENTIST to continue the ongoing research of 
imyclofibross. Applicant must have a Ph.D, degree 
and capertie in molecular biology. Competith 
‘alaics benefits. Please forwant resumes to e-ma 
jewangS@aol.com, or to: The Brookdale Univer: 
sity Hospital and Medical Center, 1 Brookdale 
Plaza, CHC 131, Brooklyn, NY 11212. Attn: 
Jen C, Wang, M.D., Director of Research. 


POSTDOCTORAL FELLOW 

Postdoctoral position available at the Chicago 
Medical Schoo of Rosalind Franklin Univers 
ic cell and molecular biology of muscle fiber 
type development, particularly focusing on mecha 
fxs of cakium release, signal wansduction, and gene 
regulation. Experience in protein expresion systems, 
mutagenesis, proteomics, cell culture, immuinopee 
‘Sptation, and’ calcium imaging is desired. Send cur. 
riculum vitae to Joseph DiMario, Ph.D. at e-mail: 
joreph.dimario@rosalindfranklin.ed, [pal Lnpdoy 
tment Cppetoniy/ Aina Aion, 


POSTDOCTORAL POSITIONS at ‘Tesas 
A&M Unienity to exploit yeast models of human 


bbone marrow failure and leukemia, and to discover 
drugs to treat same. High-quality: publications in 
yeast cell biology and/or genetics required. Th 
NIH-funded postions come with excellent ben 


id a salty that is commensurate with experience 
Tro apply, please visit website: hetp://greatjobs. 
tamutedul and click on November 37,°2007, oF 
November 27, 2005. Yesar AGM Univer ian Egual 
(Opporinty Hane 


POSTDOCTORAL POSITION to investigate 
ene networks regulating myeloid differentiation 
Ind leukemogenests. Prior esperienee in quantitative 

I time polymerase chain reaction andl microarray 
analyses requited, Expertise in flow cytometry will be 
hrelpfil, Send curriculum vitae and names of three 
references to: Dr. Daniel Johnson, Hillman Can 
‘cer Center, Room 2.18¢, University of Pittsburg! 
5117 Centre Avenue, Pittsburgh, PA 15213, 
E-mail: johnsond@pitt.edu. 


Venable LLP.'s Washington, £ 
TECHNICAL ADVISOR forthe lnelctal prop 
ceny group, Fouryear Bachdoe's degree required, 
Sdvanced science degree, Ph.D. in hie secs, strong 
iy preferred, Send resume to: Maria Krupinsky, Re- 
<cruiting Manager, 2 Hopkins Place, Suite 1800, 
Baltimore, MD 21201 or e-mail: mtkrupinsky@ 
venable.com. fyi! Opportunity Employer Ninoy 
Females Pens with Dishes / Veteran 


MARKETPLACE 


Oligo Synthesis Reagents 


T Bulk Reagent Pricing Available 
BOSEARGH  ziainceNovE 
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Col Ab Peptides 


Fox 31409600888 = 


Tos00+38305362 
srrmbpeps. 
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New PRobucrtTs, SERVICES, AND SOLUTIONS 


microRNA 
Microarray Service 


LEADING PROVIDER OF HBV AND HCY 
REAGENTS FOR RESEARCH 
‘AND DIAGNOSTIC APPLICATIONS 


ase? 


VIROGEN 


IMMUNOHISTOCHEMICAL DETECTION OF GLUTATHIONE 


naebloascetsstane ith 


DETECT CYSTEINYLATION OF PROTEINS WITH 
102-A MONOCLONAL ANTIBODY! 


Red Blood Cel stalaed wth ant-Cystne Red Blood Celts stained wth ant-Cytene 
‘monoclonal antiody, 102A monoclonal saody, 1024 plus OT, 


200 Dexter Avenue, Watertown MA 02472 USA 
tel: (617) 926-9167 | fax: (617) 926-9157 
order online for fast delivery: www.virogen.com 


‘onaconal antibody, 101A 


Comprehensive Service 
From your sample to fully analyzed microarray data. 


The Most Current Sequence Content 
All species, Sanger miRBase ‘ease (May 2007) 
7 Fs 


‘Technology 
and reliable data. 


uParaflo™ Microfluidic 
Probes optimized, highly reprodi 


Customizable Sequence Content 
Test your microRNA predictions@tino extra cost. 


Anyone can freeze mouse sperm. 
We can actually recover it. 


JAX® Sperm Cryopreservation 
Dramatialy improved Fertilization Rates 


@ Traditional Method 


| 


(€57B1/6} BALB/cl FYB/N} 


Strain 
Are you looking fora better way to manage and protect your mouse 
colonies? Our scientists have developed innovative methods which 
make the cryopreservation and recovery of mouse speem 

8 practical, reliable and cost-effective 


‘management tool 


MICE, 1-207-288-5845 or jaxservices@jax.org 


Get daily and weekly E-alerts on the latest news and 
research! Sign up for our ealert services and you canknow 
‘when the latest issue of ciece or Science Expres has been 
potted, peruse the atest able of contents fr Science or Science's 
‘Signal ansduction Knowledge Envronment, and read sutra 
ties of the journal’ research, news content, or Edtors Choke 
column llfom your emailinbor. To start receiving e-mail 
updates, oto 


resting ween 
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Experiment reproduced, 
discovery verified 


copies 


GoTaq® Green Master Mix (G) outperforms 
standard Taq DNA Polymerase (competitors 
N, T and A) under standard conditions. 


Whether you are performing standard PCR, 
RT-PCR, or quantitative PCR get reproducible 
results, high yield and great sensitivity. 
Promega GoTaq® DNA Polymerase is one of 

a comprehensive line of superior amplification 
products, Experience the robust performance 
of GoTaq with your toughest targets. 


Qualify for a FREE SAMPLE of GoTaq. 
Visit www.promega.com/amplification 


(©2007 nega Copan, 1582840-04 


1-877-74 
www.carest 
www.carest 


Powerful, Multi-modal Imaging 


Now so easy 
everyone is 


KODAK X-SIGHT 
Imaging Agents & 
Antibody Conjugates 


The KODAK In-Vivo Imaging System FX Pro combines high-sensitivity 
Optical Molecular Imaging and high resolution digital X-ray to deliver 
precise anatomical localization of molecular and cellular biomarkers, 


sige Whether you're performing multi-wavelength fluorescence, 
luminescence, X-ray, radioisotopic or a combination of these imaging 
modalities, the In-Vivo FX Pro fully automates the process for an entirely 
new level of sensitivity, throughput, repeatability, and ease-of-use. 


